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1. INTRODUCTION 
 
 
1.1 PURPOSE AND SCOPE 
 

The existing lock and dam structures have reached their intended useful life with their 
continued long term reliable operation becoming questionable for the future.  The poor 
conditions at Emsworth, Dashields, and Montgomery Locks and Dams reflect their age and 
deteriorating conditions critical to successful project operation, including both structural 
(concrete) and mechanical (machinery and gates) components.  Age is not the only factor in 
assessing reliability, but it is instructive to note the installation date for all critical components at 
each site.  Many components, other than the lock walls, were replaced during the major 
rehabilitation projects during the 1980’s.  The rehabilitation effort was limited in scope and 
intended to extend the useful life of the three locks and dams for a period of 25 years; that is, 
until such time that a final upgrading or replacement was estimated to be in place. The 
rehabilitation included some limited improvements, for example, improvements to the stability 
of the lock walls; total replacement of the lock operating machinery; protective encasement and 
patching of deteriorated concrete and installation of a limited number of floating mooring bitts. It 
also included some strictly cosmetic treatment, such as the shotcrete coating of the outside 
surface of the lock walls.  The deteriorated condition of the existing locks and dams is described 
in detail within the General Engineering and Reference Data Appendix (Document GE), which 
presents the justification in order to construct lock replacements at each of the facilities.  
Therefore a feasibility level design has been performed for various lock replacement and 
modernization options.  The location, orientation of the existing locks and dams features at 
Emsworth are shown on Plates E-1A and E-1B.  The Engineering Technical Appendices were 
completed in accordance with ER 1110-2-1150. 
 

The purpose of this appendix is to present the feasibility level design for large scale 
navigation improvements at the Emsworth Locks and Dams site in order to provide new reliable 
and resilient structures for the successful continued operation in the future.  This appendix 
includes preliminary engineering, design, schedules, and cost estimates for these lock 
modernization options.  These elements form the basis for the assessment of the costs and 
benefits associated with large scale navigation improvements presented in the Main Report of 
the Feasibility Study.  The preliminary calculations and design, which are summarized in this 
appendix, are complete to the feasibility level of detail. 
 

 
1.2 DESIGN APPROACH 
 

An early evaluation of the lock modernization was performed within the Study in which 
other options were considered and evaluated in order to modernize navigation on the Upper Ohio 
River.  Evaluations were performed where 2 for 3 project replacement options and 3 for 3 project 
replacement options were investigated.  It was concluded that any 2 for 3 project options, where 
by one of the locks and dam structures was eliminated and river pool level changes would not 
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result in the one of the most economic project option.  As a result 3 for 3 project options were 
only considered and feasibility level design performed. 
 

For all of the large scale navigation lock modernization options, the design approach and 
constraints include the following as the general basis of design: 

 Work within existing project footprint. 
 Maintain navigation traffic in existing land (main) chamber until the first chamber is 

complete and in service. 
 First new chamber must be constructed riverward of the existing lock structures. 
 Projects are “land locked” by active railroads or topography on both sides. 
 Designs use innovative wall types using in-the-wet or within limited cofferdams. 
 Evaluating various lock configurations for feasibility level designs 
 Provide a feasible and constructible project. 

 
For the lock modernization options, the site is constrained by the general steep topography 

and active railroads preventing any of the lock replacements from being built within either the 
left or right river banks.   

 
Various lock modernization options are being evaluated within the feasibility report.  These 

options all include, in various combinations, single and double lock chambers.  These lock 
chambers are all 110-foot in width.  The length of the chamber varies depending on the option 
considered, which include 600-foot, 800-foot and 1200-foot lock lengths.  The 110-foot width is 
industry standard lock width on the Ohio River and most of the inland navigation within the 
United States.  The three lock sizes considered are standard configuration used by the navigation 
industry on the Ohio River.  The sizes for existing locks for all the facilities below Montgomery 
Lock are either dual 110’ x 1200’ locks or 110’ x 1200’ lock for the main chamber with a 110’ x 
600’ lock for the auxiliary chamber.  The existing lock sizes at Emsworth, Dashields and 
Montgomery are the smallest and oldest locks on the Ohio River. 

 
Nine options are considered for Emsworth Locks and include: 

1. Two new lock chambers with a new 110x600 foot main river chamber lock and a new 
110x600 foot auxiliary land chamber lock. 

2. Two new lock chambers with a new 110x800 foot main river chamber lock and a new 
110x600 foot auxiliary land chamber lock. 

3. Two new lock chambers with a new 110x1200 foot main river chamber lock and a 
new 110x600 foot auxiliary land chamber lock. 

4. Two lock chambers (one new and one old) with a new 110x600 foot main river 
chamber and performing advance maintenance to features prior to failure on the 
existing 110x600 land chamber that becomes the auxiliary chamber. 

5. Two lock chambers (one new and one old) with a new 110x800 foot main river 
chamber and performing advance maintenance to features prior to failure on the 
existing 110x600 land chamber that becomes the auxiliary chamber. 

6. Two lock chambers (one new and one old) with a new 110x1200 foot main river 
chamber and performing advance maintenance to features prior to failure on the 
existing 110x600 land chamber that becomes the auxiliary chamber.  
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7. Two lock chambers (one new and one old) with a new 110x600 foot main river 
chamber and performing a fix as features fails repair methodology on the existing 
110x600 land chamber that becomes the auxiliary chamber. 

8. Two lock chambers (one new and one old) with a new 110x800 foot main river 
chamber and performing a fix as features fails repair methodology on the existing 
110x600 land chamber that becomes the auxiliary chamber. 

9. Two lock chambers (one new and one old) with a new 110x1200 foot main river 
chamber and performing a fix as features fails repair methodology on the existing 
110x600 land chamber that becomes the auxiliary chamber. 

 
A detailed description and design for each option is contained in following sections of this 

feasibility level report.   
 
 

1.3 DESCRIPTION OF RECOMMENDED OPTION 
 

The selected option for the Study is one new 110x600 foot lock main chamber to 
immediately replace the existing auxiliary 56x360 foot lock chamber and to repair items that fail 
(Fix as Fails) on the existing 110x600 foot main lock chamber that would become an auxiliary 
chamber upon immediate completion and commissioning of the new lock chamber, Option #7.  
A further description of the features specifically included within the recommended option is 
provided in Section 2.8 of this report.  The layout of this double chamber option is shown in 
Plate E-5A. 
 

Technical discussions are provided within the subsequent sections within this report for 
features that cover the technical basis for features included in any of the lock modernization 
options evaluated.  Some of the features described may or may not be included as part of the 
recommended plan.  To aid the reader at the beginning of each report section a description is 
provided to identify if the described feature is included within or excluded from the 
Recommended Plan. 
 
1.4 SUMMARY OF COST ESTIMATE OF RECOMMENDED OPTION 
 

A feasibility level design cost estimate is developed for the recommended option.  This cost 
DOES NOT include any repairs to features that fail on the existing 110x600 foot chamber 
converted into the auxiliary chamber.  A further description of the cost estimate developed is for 
the recommended option is provided in Section 17 of this report. 
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2. DESCRIPTION AND GENERAL LAYOUT 
 

The intent of this section is provide a brief summary description of the key features 
encompassing each of options with the detailed discussions, design basis and design summaries 
to be performed in subsequent sections within the report.   
 
 
2.1 MAJOR PROJECT FEATURES COMMON TO ALL PLANS 
 
2.1.1 Proposed Approach Walls 
 

The upper guide and lower guide walls are not included as part of the Recommended Plan. 
The proposed approach walls for the options are shown using fixed walls for the upper guide, 
upper guard walls and lower guide wall.  The type and configuration of these walls use post-
tensioned hollow box beams approximately 110-ft long supported on concrete filled circular 
sheet pile cells.  Each of these walls are common for types of the lock wall except in the number 
of box beams may vary (double or triple stacked), and the upper guard wall has incorporated 
flow skirts to reduce the cross current in the upper approach.  The layout, plan view and sections 
are shown on Plates A-1C through A-1D.  

 
The proposed lower guard wall for all the options is a floating guard wall constructed of 

precast concrete sections.  These individual section are joined together to form a complete 
structure which would be floated to the site for installation.  The layout, detail views and sections 
are shown in Plates A-1E through A-1G.  

 
The design basis for the length of the approach walls is assumed to be at least the same 

usable length of the lock chamber to which the particular wall is directly attached.  For example 
for a new 1,200-ft river chamber the upper and lower guard walls are at least 1,200-ft long.  For 
a new 600-ft land chamber the upper and lower guide walls are at least 600-ft long.  This 
assumption would be refined and evaluated during the detailed design phase after the feasibility 
level study is completed and authorized.  Shortening of the wall length and design refinements 
maybe possible depending on the river conditions.  This would be modeled using a physical 
hydraulic model during the next project phase. 
 
 
2.1.2 Proposed Dam Modifications 
 

The proposed modifications to the dam are included as part of the Recommended Plan.  The 
existing main channel dam features include a fixed crest weir section adjacent to the existing 
river wall with a gated dam section comprised of eight vertical lift gates.  Several modifications 
must be performed to the dam in order to build any of the new lock options.  Some of these 
modifications are temporary and some of the modifications are permanent features.  The 
temporary modifications to the dam include removing one vertical lift gate (Gate #2) in order to 
construct the connection between the new river wall and the existing dam.  This vertical lift gate 
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would be reinstalled at the conclusion of the construction.  The permanent modifications to the 
dam include: 

 
 Demolition of the small concrete fixed crest weir adjacent to the existing river wall. 
 Demolition of the dam pier #1 and demolition of vertical lift gate #1.   
 Demolition of the concrete gate sill #1. 
 Removal of the dam apron and downstream scour protection in the immediate area 

from the existing river wall to downstream of pier #2. 
 
2.1.3 Proposed Lock Modifications 
 

The proposed modifications to the lock are included as part of the Recommended Plan.  
During the early project phases, which include construction of the new middle and river wall, the 
existing land chamber must be kept in operation.  The filling and emptying system for the 
Emsworth existing land lock chamber is very unique when compared against the other locks and 
dams on the Ohio River and special design arrangements and accommodations would be 
necessary in order to construct any lock modernization options.   

 
The Emsworth land chamber is filled and emptied only through the middle wall using direct 

filling and emptying ports each containing a circular butterfly valve.  A detailed description of 
the existing arrangement is contained within the General Engineering and Reference Data 
appendix.  The filling ports for the land chamber are located on the existing upstream end of the 
middle wall.  For this reason, clearance between the new and existing middle walls must be 
maintained to allow for water flow to these ports.  The closure between the new and old middle 
walls must also be located downstream of these ports.   

 
Two emptying system modifications are included within the options.  One modification 

would probably be satisfactory in emptying the land chamber, but because of the complex 
arrangement that will require physical hydraulic modeling both modifications are included 
within the feasibility level study.  One modification includes modifying the emptying cross 
culverts in the floor of the river chamber and installing a steel outlet diffuser structure to allow 
the water to be redirected from the new lock construction area.  The second modification 
includes installation of a new emptying valve at the downstream end of the land wall within 
Lowries Run and shotcrete lining the lower half of the existing penstock tunnel within the land 
wall.   

 
A detailed discussion and design summary is described in Section 8.10 of this report.   

 
In addition, the existing lock walls would require removal for any of the lock modernization 

options.  As a minimum the existing river wall including the upper guard and lower guard walls 
would require removal for the single river chamber options.  As a maximum the existing river 
and middle walls, including the upper and lower guard walls, would require removal for the 
double chamber options.  The existing land wall and the upstream and downstream guide walls 
would remain in all of the options.   
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2.1.4 Proposed River Chamber  
 

The proposed river chamber is included as part of the Recommended Plan.  The new river 
chamber walls (new river wall and new middle wall) monoliths proposed for the lock 
modernization options are assumed to use an in-the-wet construction technique.  The walls for 
the river chamber would be constructed within sheet pile cofferbox walls built upon a drilled 
shaft foundation system.  Also the new river chamber uses a through the sill filling and emptying 
system, similar to what is planned for the new lock chambers at Charleroi Locks.  The new lock 
chambers at Charleroi are the prototype for this innovative filling and emptying system proposed 
for the river chamber.   
 
2.1.5 Proposed Land Chamber 
 

The proposed land chamber is not included as part of the Recommended Plan.  The design 
presented for the new land lock wall and the new land chamber are based on using a 
conventional construction methodology in which the new chamber would be built in the dry 
using cofferdam closures at the two extreme ends of the lock chambers.  The new middle wall 
was specifically designed for the temporary construction condition.  The existing lock land wall 
would be temporarily stabilized to allow using this wall as a cofferdam wall for the new land 
wall.  The new land chamber will use a traditional design and construction method as the lock is 
built in the dry and will use conventional reverse tainter valves for the filling and emptying 
system. 
 
2.1.6 Temporary Construction Areas 
 

Two temporary construction areas have been identified to support any of the lock 
modernization options.  A primary area and a secondary area have been identified for potential 
areas for the construction laydown area and for the concrete batch plant.  Both sites are located 
on the abutment side of the main channel dam.  The primary area is located upstream of the 
existing dam centerline, see Plate E-14A and the secondary area is located downstream of the 
dam centerline, see Plate E-14B.  The real estate access was not obtained for the Primary Site; 
therefore the Phase II Environmental Assessment was not conducted at this site.  The secondary 
area is shown on Plates E-14A.  At this time, the secondary area is the preferred temporary 
construction area location and is included as part of the Recommended Plan.  Future 
consideration of the Primary Site is pending the evaluation of the Pennsylvania Act 2 report by 
the property owner after the report is submitted to PaDEP and provided to USACE for 
evaluation.   
 
2.1.7 Operations Buildings 
 

For the each of the options a new Control Tower located on the middle wall is proposed that 
could be used for either the single or double new lock chambers option.  In addition a new 
Equipment Building is proposed for the new land wall at Emsworth.  The Control Tower and 
Equipment building is shown on Plate A-2A and is included as part of the Recommended Plan.  
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2.2 OPTION # 1 – NEW 110-FT X 600-FT RIVER CHAMBER & NEW 
110-FT X 600-FT LAND CHAMBER 

 
This lock modernization option includes two new lock chambers.  The first new chamber 

would be a 110’x 600’ river chamber.  The second new chamber would be a 110’x 600’ land 
chamber.  The existing locks would be completely replaced with new lock chambers.  Plate E-
2A shows the plan view of this option with Plates E-11A through E-11E showing the cross 
sections and Plates E-9A and E-10A showing longitudinal sections through each of the locks.   
 
2.3 OPTION # 2 – NEW 110-FT X 800-FT RIVER CHAMBER & NEW 
110-FT X 600-FT LAND CHAMBER 
 

This lock modernization option includes two new lock chambers.  The first new chamber 
would be a 110’x 800’ river chamber.  The second new chamber would be a 110’x 600’ land 
chamber.  The existing locks would be completely replaced with new lock chambers.  Plate E-
3A shows the plan view of this option with Plates E-11A through E-11E showing the cross 
sections and Plates E-9A and E-10A showing longitudinal sections through each of the locks.   

 
 
2.4 OPTION # 3 – NEW 110-FT X 1200-FT RIVER CHAMBER & NEW 
110-FT X 600-FT LAND CHAMBER 
 

This lock modernization option includes two new lock chambers.  The first new chamber 
would be a 110’x 1200’ river chamber.  The second new chamber would be a 110’x 600’ land 
chamber.  The existing locks would be completely replaced with new lock chambers.  Plate E-
4A shows the plan view of this option with Plates E-11A through E-11E showing the cross 
sections and Plates E-9A and E-10A showing longitudinal sections through each of the locks.    

 
 
2.5 OPTION # 4 –NEW 110-FT X 600-FT RIVER CHAMBER & 
ADVANCED MAINTENANCE ON EXISTING 110-FT X 600-FT LAND 
CHAMBER 
 

This lock modernization option includes one new lock chamber (110’x600’) and repairs to 
the old existing 110’x 600’ land chamber would performed occur before each component fails.  
The old land chamber would be used as an auxiliary chamber.  The components on the old land 
chamber that would be replaced include: 

 Miter gate replacement include the machinery 
 Filling and emptying valves including the machinery 
 Land lock wall 
 Middle lock wall 
 Lock hydraulic system 
 Lock electrical system 
 Lock guide and guard walls 
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2.6 OPTION # 5 –NEW 110-FT X 800-FT RIVER CHAMBER & 
ADVANCED MAINTENANCE ON EXISTING 110-FT X 600-FT LAND 
CHAMBER 
 

This lock modernization option includes one new lock chamber (110’x800’) and repairs to 
the old existing 110’x 600’ land chamber would performed occur before each component fails.  
The old land chamber would be used as an auxiliary chamber.  The components on the old land 
chamber that would be replaced include: 

 Miter gate replacement include the machinery 
 Filling and emptying valves including the machinery 
 Land lock wall 
 Middle lock wall 
 Lock hydraulic system 
 Lock electrical system 
 Lock guide and guard walls 

 
 
2.7 OPTION # 6 –NEW 110-FT X 1200-FT RIVER CHAMBER & 
ADVANCED MAINTENANCE ON EXISTING 110-FT X 600-FT LAND 
CHAMBER 
 

This lock modernization option includes one new lock chamber (110’x1200’) and repairs to 
the old existing 110’x 600’ land chamber would performed occur before each component fails.  
The old land chamber would be used as an auxiliary chamber.  The components on the old land 
chamber that would be replaced include: 

 Miter gate replacement include the machinery 
 Filling and emptying valves including the machinery 
 Land lock wall 
 Middle lock wall 
 Lock hydraulic system 
 Lock electrical system 
 Lock guide and guard walls 

 
 
2.8 OPTION # 7 –NEW 110-FT X 600-FT RIVER CHAMBER & FIX AS 
FAILS ON EXISTING 110-FT X 600-FT LAND CHAMBER 
(RECOMMENDED OPTION) 
 

This lock modernization option includes one new lock chamber.  The new chamber would be 
a 110’x 600’ river chamber.  Repairs would be performed on the existing 110’x 600’ land 
chamber as components fail with the land chamber utilized as an auxiliary chamber.  Plate E-5A 
shows the plan view of this option with Plates E-11A through E-11E showing the cross sections 
and Plate E-10A showing longitudinal sections through the new river chamber.  
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The features under this option include: 
 Demolition of the entire existing concrete river wall with the upper and lower guard 

walls. 
 Demolition of the small concrete fixed crest weir adjacent to the existing river wall. 
 Demolition of the concrete dam pier #1. 
 Demolition of the steel vertical lift gate #1 and a portion of the concrete gate sill #1 
 Modification of the existing middle wall emptying system with an outlet diffuser 

structure.  
 Installation of a new emptying valve at the downstream end of the land wall within 

Lowries Run and shotcrete lining the lower half of the existing penstock tunnel within 
the land wall.   

 Temporary removal and subsequent reinstallation of gate #2 to facilitate the new river 
wall connection to the existing dam. 

 Removal of the dam apron and downstream scour protection in the immediate area 
from the existing river wall to approximately downstream of pier #2 

 Construction of the new river wall and new middle walls within cofferboxes on a 
drilled shaft foundation.   

 Construction of the through the sill filling and emptying system (and all lock 
appurtenances) within the temporary river chamber cofferdam closures.  

 Construct a new middle wall operations building and a new land wall maintenance 
building.   

 Construction of 600-ft upstream and downstream guard walls. 
 The existing land chamber (110’x600’) features would remain functional as the future 

auxiliary chamber upon commissioning of the new river lock.  Two middle wall 
structures would exist, the existing middle wall supporting the existing land chamber 
and the new middle wall supporting the new river chamber.   

 
 

2.9 OPTION # 8 –NEW 110-FT X 800-FT RIVER CHAMBER & FIX AS 
FAILS ON EXISTING 110-FT X 600-FT LAND CHAMBER 
 

This lock modernization option includes one new lock chamber.  The new chamber would be 
a 110’x 800’ river chamber.  Repairs would be performed on the existing 110’x 600’ land 
chamber as components fail with the land chamber utilized as an auxiliary chamber.  Plate E-6A 
shows the plan view of this option with Plates E-11A through E-11E showing the cross sections 
and Plate E-10A showing longitudinal sections through the new river chamber.    

 
 
2.10 OPTION # 9 –NEW 110-FT X 1200-FT RIVER CHAMBER & FIX AS 
FAILS ON EXISTING 110-FT X 600-FT LAND CHAMBER 
 

This lock modernization option includes one new lock chamber.  The new chamber would be 
a 110’x 1200’ river chamber.  Repairs would be performed on the existing 110’x 600’ land 
chamber as components fail with the land chamber utilized as an auxiliary chamber.  Plate E-7A 
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shows the plan view of this option with Plates E-11A through E-11E showing the cross sections 
and Plate E-10A showing longitudinal sections through the new river chamber.    
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3. SURVEYING & MAPPING REQUIREMENTS 
 
 
3.1 EXISTING SURVEY AND MAPPING  
 

LiDAR data for this project was obtained from PAMAP Program.  The data was collected in 
2006 and is based on the Pennsylvania State Plane South system using the North American 
Datum of 1983 (NAD83) and the United States Survey Foot. Vertical datum is the North 
American Vertical Datum of 1988 (NAVD88). 
 

Bathymetric data was collected in 2008 utilizing multi-beam and side scan sonar.  The data 
was collected in Pennsylvania State Plane South system using the North American Datum of 
1983 and the United States Survey Foot. Vertical datum is the North American Vertical Datum 
of 1988.   
 

The LiDAR was processed to bare earth.  The LiDAR and the bathymetric data sets were 
combined to create a composite terrain model.  The model is utilized in two software packages:  
ESRI ArcGIS and Bentley InRoads. 
 

The designs for the lock modernizations were performed using the NGVD29 vertical datum 
to allow direct comparison with the as-built drawings of the existing facilities.  The NAVD88 
datum is lower in elevation when compared with the NGVD29 datum.  The conversion factor 
between the two datum’s is as follow: 

 
Emsworth site average vertical shift:  NAVD88 -0.48 ft 
Dashields site average vertical shift:  NAVD88 -0.44 ft 
Montgomery site average vertical shift:  NAVD88 -0.40 ft 

 
For example at Emsworth Locks and Dams elevation 718 (NGVD29) would be elevation 

717.52 (NAVD88).   
 

The existing above water topography mapping and bathymetric mapping is used within the 
District’s Enterprise Geospatial Information System (eGIS). 

 
 

3.2 FUTURE SURVEY AND MAPPING 
 

Additional surveying and mapping will be required for the future project phases and would 
include acquiring new above water and below water survey information in order to capture 
changes that will occur since the data was collected.   
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4. GEOTECHNICAL 
 
 
4.1 REGIONAL GEOLOGY 
 
4.1.1 Topography and Physiography 
 

The project is located in the dissected Allegheny Plateaus Province which is also known as 
the Kanawha Section of the Appalachian Plateau Physiographic Province.  The northwestward 
flowing Ohio River has eroded through Middle Pennsylvanian age rocks developing a mature 
drainage pattern.  Regional relief varies from a minimum elevation of approximately 690 feet in 
the bed of the Ohio River to a maximum elevation of 1350 feet in the uplands.  The valley width 
is approximately 2300 feet which is comprised of the natural river with a width of 700 feet, and 
the overall width of the floodplains and valley fill deposits of 1600 feet. 

 
In general, the strata of the Pennsylvanian age rock in Allegheny County is characterized by 

a gentle regional dip of about 1O SE toward the axis of the Pittsburgh – Huntington 
synclinorium, a major structural depression of southwestern Pennsylvania.  These strata have 
been warped into broad open folds, gentle domes and shallow basins.  Locally, the exposed rocks 
are of the lower Conemaugh and upper Allegheny formations consisting of a series of 
interbedded sandstones, shales, siltstones, and coal beds 

 
4.1.2 Stratigraphy 
 

In the area of the dam, there are 12 to 15 feet of unconsolidated sediments overlying bedrock. 
Unconsolidated sediments of Quaternary age overlie bedrock along the Ohio River as well as 
many of its tributary streams.  Overburden sediments include glacial drift, outwash gravels, 
terrace deposits associated with ancient floodplains, and recent alluvium.  The primary 
unconsolidated sediments are Pleistocene glacial gravels, most represented by a mixture of sand, 
gravel, and some boulders becoming sandier towards the top of the deposit.  The well-rounded, 
polished gravels and boulders are composed of sedimentary, igneous, and metamorphic rock 
types.  The well-rounded nature of the gravels as well as the presence of an igneous and 
metamorphic rock component is evidence of the large distances that these materials were 
transported by glacial and fluvial processes.  The recent alluvium filling of the Ohio River valley 
includes a mixture of sand, silt, clay, and gravel derived from both glacial deposits and the native 
weathered rock sources.  Gravel shapes in the alluvium range from angular to round.   
 

Top of bedrock is generally at elevation 660± to 680±.  The bedrock of the region consists of 
nearly flat lying, cyclic, interbedded sedimentary rocks.  The rocks are characteristic of a typical 
Pennsylvanian Age Cyclothem consisting of indurated clay, claystone, siltstone, sandstone, clay 
shale, silt-shale, coal, and limestone. Locally, outcrops of the Conemaugh Formation can be 
found along steep bluffs and rock cuts on the banks of the Ohio River.  Included in this 
formation are three major sandstone beds which affect local topography due to their relative 
resistance to erosion.  These are the Mahoning, Buffalo, and Morgantown sandstone members 
which are respectively located at the base, middle, and just above the middle of the formation.  
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The formation also contains six or more coal beds of variable thickness, ranging from thin seams 
to beds approaching 3-1/2 feet.  The most prominent stratigraphic marker bed within the 
Conemaugh Formation is the Ames Limestone Member which is generally less than 5 feet thick 
and situated near the middle of the formation. 

 
4.1.3 Geologic Structure 
 

Regional studies of valley stress release in the Allegheny Plateau have revealed that many 
valley bottoms have been subjected to compressive forces associated with rapid down cutting by 
erosion and subsequent convergence of valley walls. Release of compressive forces in valley 
bottoms is generally manifested in the form of shear breaks or thrust faults in weaker rocks such 
as shales.  Competent rock units serve as struts across the valley floor with deformation taking 
the form of broad arching or doming of the beds.  The development of open bedding planes in 
massive sandstone is a common form of deformation in valleys that have been subjected to stress 
relief.  This process may account for some of the bedding plane separations found within 
sandstone foundation rock at the project site.  
 

There are two predominant joint trends found within the rocks of Allegheny County.  One 
trend strikes northeast-southwest and the other northwest-southeast.  Both joint sets are vertical 
to near vertical.  Together these joint trends constitute the basic fundamental joint system found 
in local rock formations.  Generally, the joints are widely spaced in massive sandstone and more 
closely spaced in less competent rocks such as shales and coals.  Low angle (20-30°) joints were 
occasionally recorded in the vertical cores drilled as part of the 1980 boring program; however, 
there were an insufficient number of occurrences to estimate the predominant joint frequencies 
or spacing.  

 
4.1.4 Seismicity 
 

While an analysis was not performed for this report, review of existing literature indicates 
that Emsworth Locks and Dam lies in a relatively inactive seismic area.  As required, future 
design phases will review ER 1110-2-1806, “Earthquake Design and Evaluation for Civil Works 
Projects” and complete an appropriate seismic study if necessary. 
 
 
4.2 SITE GEOLOGY 
 

The overburden in the streambed is a brown silty, gravel with local beds of silty sand.  It 
varies from 12 to 15 feet thick.  In general, the material sampled was brown, medium dense, 
saturated, silty sand and gravel.  Typically, the top of ground is at approximately elevation 705±. 
 

The northwestward flowing Ohio River has eroded into lower Pennsylvanian age rocks.  The 
rock core obtained from borings spans a sedimentary sequence from the basal Lower Mahoning 
sandstone of the Conemaugh Formation through 82 feet of the Freeport Formation of the 
Allegheny Formation.  This sequence consists of sandstone, siltstone, shale, indurated clay, two 
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coal seams (the Upper Freeport, generally four to five feet thick, and the Lower Freeport, up to a 
half-foot thick), and limestone. 
 

The Upper Freeport coal is closer to the surface towards the lock side of the river and the 
somewhat weathered Lower Mahoning sandstone cover is less.  In general, the Lower Mahoning 
is weathered and fractured regardless of whether the overlying material is concrete or soil.  This 
sandstone also appears to be more fractured and stained further downstream. 
 
 
4.3 SUBSURFACE SAMPLING AND TESTING 
 
4.3.1 General  
 

Numerous borings have been drilled at the Emsworth locks and dam site over the course of 
its history.  The seventy-six 1918-pre-construction borings (57 for the locks, 14 for the main 
channel dam and 5 for the back channel dam) determined foundation conditions.  Most of this 
information is only available as sketchy field data.  Nine borings were drilled into rock in 1966 
for a proposed relocation site about 400 feet downstream of the existing dam. In 1973 seventeen 
borings were drilled at the site.  The 1980 drilling program of 24 borings, including soil 
sampling, 2 and 4-inch concrete and rock core drilling, and four piezometers, was to provide 
additional data for use in the major rehabilitation design are shown in Table 4.3-A.   

 

TABLE 4.3-A – Drilling Program Timeline 

Year Drilled No. of  
Borings 

Materials 
Sampled 

Purpose of Borings 

1918 76 Soil/Rock Original Design 
1966 9 Soil/Rock Proposed Relocation 
1973 17 Concrete/Rock Condition Survey 
1980 24 Soil/Concrete/ 

Rock 
Rehabilitation Design 

1999 21 Soil/Rock Main Channel Rehab 
2005 24 Soil/Rock Main Channel Rehab 
2007 7 Soil/Rock Main Channel Rehab 

(Abutment) 
 
4.3.2 Overburden Laboratory Testing 
 

No laboratory testing was performed on the site soil for this report.  Past reports and designs 
have used data collected from the borings to determine overburden properties.  The main data 
source is the Standard Penetration Testing (SPT) blow counts.  
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4.3.3 Bedrock Laboratory Testing 
 

Representative rock samples were tested in the past to define the strengths and physical 
properties of the foundation bedrock.  The testing was completed for the 1980 Rehabilitation 
Study for Emsworth.  The first phase of testing for the study included unit weight determination, 
specific gravity, moisture contents, and unconfined compressive strength while the second phase 
included shear strength testing to develop foundation strength values.  Included in the testing 
program were direct shear testing on intact rock specimens and significant discontinuities, 
triaxial compression and unconfined compression.  In addition, sliding friction tests were 
performed on both separated bedding planes and sawed surfaces prepared in the laboratory. 
 
 
4.4 SUBSURFACE PROPERTIES 
 
4.4.1 Overburden Properties 
 

The ground surface in the river is at approximately elevation 690± upstream and 680± 
downstream.  Cross sections showing the different stratigraphies are shown in Plates E-1D 
through E-1F. The locations of the cross sections are shown on Plate E-1C.  Overburden 
materials found in the borings consisted of fill, sand, silts, and gravels with minor amounts of 
clay.   
 
4.4.2 Overburden Preliminary Design Parameters 
 

Design values were based on judgment, experience, and subsurface explorations performed 
to date in combination with a comparison with similar projects in close proximity.  Table 5.2-B 
depicts the soil parameters determined for analysis and design at this stage.  These parameters 
will be refined as more explorations are completed and laboratory analyses are performed. 

 
The results from SPT blows were used to determine an approximate angle of internal friction 

for onsite soils.  No testing results were shown for the unit weight of the soils but the summary 
of the results of the unit weights are in the 1980 Rehabilitation Study for Emsworth.  These 
results were used for the unit weights for the stability calculations of the existing land wall.  
 
4.4.3 Bedrock Properties 
 

Top of rock is at approximately elevation 660± to 680±.  The multiple strata of rock found at 
the project site vary greatly in elevation with numerous interbedding layers.  Deeper borings 
revealed typical members of the Allegheny formation such as shale, limestone, siltstone and 
coal.  Further borings are required to determine the extent of the Allegheny Formation. 
 
4.4.4 Bedrock Preliminary Design Parameters 
 

The rock test results were analyzed to develop bedrock strengths parameters in accordance 
with EM 1110-1-2908. The test results of the rock samples were used to determine a linear 
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regression to estimate the mean of the peak and residual strength.  Based on the written 
description of the rock samples, an assumed percentage of the peak and residual strength was 
used to determine a total strength of the rock mass.  The final properties that are used for the 
feasibility level design were determined by using the mean angle of internal friction and the 
mean minus one standard deviation for cohesion.   
 

After interpreting the rock data results from testing and correlating them with past results, 
design parameters were established.  Table 5.2-A depicts the rock parameters determined for 
analysis and design.   
 
4.4.5 Allowable Bearing Capacity 
 

Using the rock shear strength distributions estimated for the bedrock properties, a distribution 
for bearing capacity was determined.  The rock mass strength distribution for sandstone was 
used to determine the angle of internal friction.  The angle of internal friction was then used to 
determine the bearing capacity factors to be used in the bearing capacity equation taken from 
EM 1110-1-2908 (Rock Foundations).  The bearing capacity was determined from the equation 
using the mean angle of internal friction for the ultimate value and minimum angle of internal 
friction for the allowable bearing capacity value. 
 
4.4.6 Working Bond Strength 
 

The working bond strength was developed by initially determining the average ultimate bond 
stress from the Post Tensioning Institute manual for siltstone and sandstone.  Then the 
foundation depths were assumed with the corresponding rock layer. According to PTI, a factor of 
safety of three was applied to the ultimate bond stress to determine the working bond stress.   
 
 
4.5 FOUNDATION CONDITIONS 
 

The founding conditions for the 110’ by 600’ chamber or rehabilitated locks at Emsworth are 
likely to be similar to the existing conditions but complete explorations were not possible at this 
stage of the design.  As additional explorations are performed, more refined analyses of the 
specific foundations for each monolith will be performed.  Currently, it is known that the 
foundation for the land, middle and rivers walls has a coal seam at variable depths beneath the 
top of rock. The foundation of the lock walls are founded on the thin bedded moderately hard to 
hard gray Lower Mahoning sandstone.  The Upper Freeport coal ranges from one to six feet 
thick and occurs from 5 to 35 feet below the base of the lock walls.  The base of the land wall is 
generally more irregular than the other two and rises landward because of its proximity to the 
valley walls. 

 
The variable nature of the foundation conditions might lead to the requirement of a grouting 

plan.  During future planning stages of this project, grouting should be considered to prevent the 
seepage under lock walls and lock chambers. The grout cannot be placed in joints and fractures 
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once the cofferbox or chamber have dewatered due to flowing water.  Thus it is important to 
define any feature that will need grouting prior to construction. 

 
 

4.6 INSTRUMENTATION 
 

Three piezometers measure piezometric heads in the land wall backfill. In order to 
characterize groundwater conditions within the construction work limits, the existing 
instrumentation plot for piezometers were reviewed.  The piezometer adjacent to the upstream 
land chamber lock gate and center of the land chamber are consistently 7 feet below the upper 
pool elevation with a normal elevation of 703±. The final piezometer, adjacent to the 
downstream land chamber lock gate is approximately 11 feet below upper pool elevation with a 
normal elevation of 699±. 
 
 
4.7 CONSTRUCTION CONSTRAINTS 
 
4.7.1 Dewatering 
 

Dewatering will occur within temporary cofferdams and cofferboxes which will provide 
protection from normal and elevated pools.  Cofferboxes will be utilized to construct the 
majority of the lock monoliths for the river, middle, and approach walls while cofferdams will be 
constructed for the remaining lock monoliths, dam gate sections, and connection of the dam to 
the river monoliths.  These temporary structures will keep most of the water out of the 
excavation.  Any water not contained by the cofferdams, cofferboxes, and any associated berms 
will be removed by sumps and pumping.     

 
Sumps and pumps will be designed to maintain the water level at the top of rock during 

excavation.  Design permeabilities will be determined during later design phases, and suitable 
dewatering features will be designed. 
 
4.7.2 Borrow Material 
 

The requirement for borrow material has been anticipated for estimation purposes.  Adequate 
material should be brought in from predetermined sites to use for cofferdam cell fill and berms.  
However, it is likely that sufficient quantities of acceptable material will be available on site for 
use in temporary cofferdam berms, spoil mounds, access roads, and similar purpose.  Silt and 
minor amounts of clay within the available fill are unusable for berms or fill at the water’s edge.  
There is not sufficient testing of the overburden at this time to determine whether the use of the 
dredge materials from either of the approach channels is acceptable, but the borings indicate that 
it is comprised of approximately 60% or more sand and gravels. 

 
Disposal will be required for excavation operations. Excess material will be placed at an 

approved disposal site as described in Section 6.3 Disposal.  
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4.8 ADDITIONAL INVESTIGATIONS 
 

Additional investigations will be necessary to aid in the understanding of the geology of the 
site and determination of the design parameters.  Further explanation of the geotechnical 
investigation is described in Section 19 Additional Investigations.   
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5. DESIGN CRITERIA 
 
 
5.1 BASIC DESIGN OBJECTIVES 
 

An early evaluation of the lock modernization was performed within the Study in which 
other options were considered and evaluated in order to modernize the navigation locks on the 
Upper Ohio River.  Evaluations were performed where 2 for 3 project and 3 for 3 project options 
were investigated.  It was concluded that any 2 for 3 project options, where by one of the locks 
and dam structures was eliminated and river pool level changes would not result in one of the 
most economic project option.  As a result 3 for 3 project options were only considered and 
feasibility level design performed. 
 

For the all of the large scale navigation lock modernization options, the design approach and 
constraints includes the following as the general basis of design: 

 Work within existing project footprint. 
 Maintain navigation traffic in existing main chamber until the first chamber is 

complete and in service. 
 First new chamber must be constructed riverward of the existing lock structures. 
 Projects are “land locked” by active railroads or topography on both sides. 
 Designs use innovative wall types using in-the-wet or within limited cofferdams. 
 Evaluating various lock configurations for feasibility level designs 
 Provide a feasible and constructible project. 

 
5.1.1 Lock Chambers 
 

The designs presented for the lock walls are based on using an in-the-wet construction 
methodology in order to build the first new chamber, which uses the cofferbox construction 
technique.  The design basis is the best practice as utilized from the new lock chamber 
construction occurring at the new Charleroi Locks located on the Monongahela River.  This 
methodology is used because the use of traditional in-the-dry construction within sheet pile 
cofferdams cannot easily and cost effectively construct the first new lock chamber without 
adversely impacted the existing land chamber while maintaining navigation traffic in the existing 
land chamber.   

 
This construction methodology for the new locks at Charleroi Locks has undergone a 

detailed design culminating in a fully designed construction plans and specifications, well 
beyond the feasibility design level.  In addition, portions are currently under construction; 
therefore, this methodology is indeed a feasible and conservative method to construct the new 
lock walls.  The construction of all in chamber features would be performed in the dry using two 
temporary cofferdams installed at the two extreme ends of the new chamber lock walls.  

 
Preliminary design computations for the lock walls were developed using this methodology 

and the design is tailored specifically for the Emsworth Locks and Dam site.   
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The design presented for the new land lock wall and the new land chamber are based on 
using a traditional construction methodology in which the new chamber would be built in the dry 
using traditional cofferdam closures at the two extreme ends of the lock chambers.  The new 
middle wall was specifically designed for the temporary construction condition.  The existing 
lock land wall would be temporarily stabilized to allow using this wall as a cofferdam wall for 
the new land wall.   

 
All of the new lock design features are independent structures and do not relay on any 

permanent support from the existing old and deteriorated lock walls for the entire service life of 
the new lock chambers.   
 
5.1.2 Approach Walls 
 

The designs presented for the approach walls use a combination of fixed and floating 
approach walls.  These features use precast concrete elements to enable the walls to be 
constructed without any need for any temporary cofferdam.   

 
The fixed approach wall uses hollow post-tensioned box beams that are lifted in place.  The 

design is based on the detailed design and successful construction of the walls at London Lock, 
Marmet Locks and Winfield Locks all located on the Kanawha River.  These types of fixed walls 
are fully designed for the Upper Guard Wall at Charleroi currently under construction, and are 
planned for the new Chickamauga Lock on the Tennessee River.   

 
The floating approach wall uses section constructed of precast concrete section connected 

together by post-tensioning tendons and floated in place and secured using drilled shaft pylons.  
This design is based on the detailed design and successful construction of the walls at Olmsted 
Lock on the Ohio River.  This floating wall was fully designed and construction plans and 
specifications were developed for the Charleroi Lower Guard Wall, and are planned for the lock 
extensions at the Greenup Locks and JT Meyers Locks on the Ohio River.   
 
 
5.2 GEOTECHNICAL DESIGN CRITERIA 
 

The lock and dam features were designed using the geotechnical design parameters described 
in Table 5.2-A. 
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TABLE 5.2-A – Foundation Support on Rock Design Parameters 

For Monoliths Founded on Shale/weak Rock 

 Allowable Bearing Pressure 20 ksf 

 Friction Angle, Φ 27 degrees 

 Cohesion, C 4 psi 

For Monoliths Founded on Sandstone 

 Allowable Bearing Pressure 30 ksf 

 Friction Angle, Φ 35 degrees 

 Cohesion, C 14 psi 

 Working Bond Strength 25 psi 

For Drilled Shafts  

 Young’s Modulus, Es 10 ksi (1,440 ksf) 

 Axial Capacity  50 ksf 

 Cyclic Reduction Factor 1.25 

Allowable Skin Friction 

 Shale 4 ksf 

 Sandstone 7 ksf 
 
The bottom of the lock walls without drilled shafts will be located at a minimum of five feet 

above the top of known or suspected coal seams.  Where this minimum cover over a coal seam is 
not possible, then the bottom of the lock walls will be lowered to go through a known or 
suspected coal seam and founded on the competent material below the seam. 

 
Lateral soil loads are based on saturated (undrained) soil conditions. The backfill at the land 

consists of sand and gravel.  Design Parameters are contained in Table 5.2-B. 
 

TABLE 5.2-B – Lateral Earth Loads 

Sand and Gravel 

 Friction Angle, Φ 30 degrees 

 Unit Weight (saturated) 125 pcf 

 Unit Weight (buoyant) 62.5 pcf 

 Earth Pressure Coefficient, 
At-Rest, Ko 

0.5 
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5.3 STRUCTURAL DESIGN CRITERIA 
 
5.3.1 General 
 

This section presents the basic data, loads, assumptions, and methods that shall be used in 
design of the lock walls, sills, miter gates, guide and guard walls and appurtenant structures at 
the Emsworth Locks and Dam site.  Design criteria for all of the various lock lengths are 
identical.   

 
5.3.2 Material Properties 
 
A list of the preliminary material properties assumed follows: 

5.3.2.1 Concrete 
Cast-in Place and Tremie f’c = 4,000 psi at 28 days 
Pontoons f’c = 6,000 psi at 28 days 
Non-Shrink Grout f’c = 6,000 psi at 28 days 
Drilled Shaft f’c = 4,000 psi at 28 days 
Box Beams f’c = 5,000 psi at 28 days 

5.3.2.2 Reinforcement 
a) Mild Steel Reinforcing (Fy = 60 ksi) 
Deformed Bars ASTM A 615, Grade 60 
Welded Bars ASTM A 706, Grade 60 
 
b) Post-tensioned/Prestressed. 
Strands (fy = 270 ksi) ASTM A 416, Grade 270, Low Relaxation 
Threadbars (fy = 150 ksi) ASTM A 722, Grade 150 

5.3.2.3 Structural Steel 
Maintenance Bulkhead ASTM A992, Grade 50 or ASTM A709, Grade 50 
Miter Gates A992, Grade 50 and ASTM A709, Grade 50 
Culvert Valves & Bulkheads A992, Grade 50 or ASTM A709, Grade 50 
Drilled Shaft Casing ASTM A 252, Grade 2 (Fy = 35 ksi)  
Nose Pier Embedded Steel ASTM A992, Grade 50 or Grade 36 
All other steel ASTM A36 

5.3.2.4 Structural Steel Sheet Pile 
Straight Web Cofferdam ASTM A572, Grade 50 and Grade 60 
Corrugated Cofferdam ASTM A572, Grade 50 
Closure Cells ASTM A 328 
Cofferbox and King Piles ASTM A572 Grade 50 
Cofferbox Framing Struts ASTM A572 Grade 50 
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5.3.3 Lock Wall Loads and Load Combinations 
 

Design lock loads are described in EM 1110-2-2602 and EM 1110-2-2100 

5.3.3.1 Dead Loads (D) 
 

Mass Concrete:  150 pcf 
Thin-Walled Concrete: 150 pcf 
Precast Concrete: 155 pcf 
Lateral Pressure for Tremie Placed Concrete: 150 pcf – 62.5 pcf = 87.5 pcf.   
Gate Loads (horizontally framed miter gates): 
Weight of Downstream Gates = 400 kips per leaf  
Weight of Upstream Gates = 275 kips per leaf  

 

5.3.3.2 Live Load (L) 
 

Live loads are due to impact loading are shown in Figure 5.3-A per ETL 1110-2-563 Barge 
Impact Analysis for Rigid Walls, Figure B-10 and Table B-5 for preliminary design.   

 

 
FIGURE 5.3-A – Barge Impact Loads on Lock Structures (from ETL 1110-2-563) 
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TABLE 5.3-A – Barge Impact Forces on Lock Structures (from ETL 1110-2-563) 

 
 
 
Loads for the 110’ x 600’ locks are based at a 3 by 3 (9 barge tow) configuration.  Loads for 

the 110’ x 1200’ locks are based on a 3 by 5 (15-barge tow) configuration, and are ratioed up 
according to tow mass.  Table 5.3-B lists the impact loads against the chamber walls.   

 

TABLE 5.3-B – Impact Loads on Chamber Walls 

Impact Loads on Lock Chamber Walls (kips) 

  Usual Unusual Extreme Tow 

110' x 600' Lock Chamber 100 125 150 9-barge tow 

110' x 1200' Lock Chamber * 167 209 250 15-barge tow 

* Proportion 9-barge tow values in ETL 1110-2-563 by 15/9. 

 

5.3.3.3 Hydrostatic Load (H) 
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Based on a unit weight of water of 62.4 pcf.  Water shall be considered to the top of the wall 
for temporary construction conditions. 
 

5.3.3.4 Soil Loads (F) 
 

Lateral soil loads are based on saturated (undrained) soil conditions, with the groundwater 
mirroring the level of the river.  The “at-rest” condition shall be used for design.   

5.3.3.5 Silt Loads (S) 
 

The location and depth of siltation is based on the lockmaster soundings.  An average 
elevation is used for the calculations where silt is present.  Based on boring R-6, much of the 
material is sand and gravels, similar to the fill behind the land wall. 

5.3.3.6 Hawser Load 
 

160 kips applied at a 30 degree angle to the face of the structure (80 kips applied 
perpendicular).  Load is located 5 feet above the water line. 

5.3.3.7 Maintenance / Construction Surcharge 
 

The land wall shall be designed for a vertical surcharge of 300 psf occurring during the 
maintenance or construction condition.  The horizontal surcharge (surcharge x Ko) shall be 
applied to the wall as a uniform load from the top of ground to the top of rock. 

5.3.3.8 Load Conditions 
 

For the preliminary lock walls the following loading conditions are based on EM 1110-2-
2602 and EM 1110-2-2100, the loading conditions from the Design Documentation Report for 
Charleroi Lock and the specific site conditions/locations at Emsworth Locks and Dams site are 
shown in Table 5.3-C. 

 

TABLE 5.3-C – Summary of Loading Conditions 

Lock Chamber Typical Land Walls 
Normal Operating 
Condition (Usual) 

 Backfill assumed to top of wall 
 Saturation gradient assumed to vary as straight line from 

Normal Upper Pool to Normal Lower Pool 
 Hawser Load  
 Water at Normal Lower Pool in lock chamber 
 Uplift pressure  
 

Maintenance Condition  
(Unusual) 

 Backfill assumed to top of wall 
 Saturation several feet above Normal Upper  
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 Water at lock floor level inside chamber 
 Uplift pressure 
 
 

Lock Chamber Miter Gate Monoliths 
Normal Operating 
Condition (Usual) 

 Backfill assumed to top of wall 
 Saturation gradient assumed to vary as straight line from 

Normal Upper Pool to Normal Lower Pool 
 Water at Normal Lower Pool in lock chamber 
 Uplift pressure 
 Gate thrust reaction from horizontally framed miter gates 
 Gate weight 

Maintenance Condition  
(Unusual) 

 Backfill assumed to top of wall 
 Saturation several feet above Normal Upper  
 Surcharge pressure behind the wall 
 Water at lock floor level inside chamber 
 Uplift pressure 
 Gate weight (gate in almost miter position) 

Lock Chamber Middle and River Wall Typical Wall Monoliths 
Normal Operating 
Condition (Usual) 

 Siltation level based on existing river bed levels outside of 
lock and at lock floor inside lock used as a driving force 
only 

 Normal Upper Pool (inside chamber and vice versa) 
 Normal Lower Pool (outside chamber and vice versa)  
 Hawser Load or Barge Impact  
 Uplift pressure  

Construction Condition 
(Unusual) wall used as 
cofferdam  

 Water level outside chamber to the top of the concrete 
wall 

 Water level inside chamber at the chamber floor 
 Uplift Pressure 

Lock Chamber Middle and River Wall Miter Gate Monoliths 
Normal Operating 
Condition (Usual) 

 Siltation level based on existing river bed levels outside of 
lock and at lock floor inside lock 

 Normal Upper Pool (inside chamber and vice versa) 
 Normal Lower Pool (outside chamber and vice versa)  
 Uplift pressure 
 Hawser Load or Barge Impact where possible 
 Gate thrust reaction from horizontally framed miter gates 
 Gate weight 

Construction Condition 
(Unusual) wall used as 
cofferdam 

 Water level outside chamber to the top of the concrete 
wall 

 Water level inside chamber at the chamber floor 
 Uplift Pressure 
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Existing Land Lock Wall Monoliths (Cofferdam Wall) 

Construction Condition 
(Unusual) wall used as 
cofferdam 

 Land wall does not function as a lock wall for navigation 
 Construction surcharge behind the wall 
 Backfill assumed to top of wall 
 Saturation gradient assumed to vary as straight line from 

Normal Upper Pool to Normal Lower Pool 
 Water at foundation level in lock chamber 
 Uplift pressure  

 

5.3.3.9 Load Combination for Stability Analysis 
 

Service (unfactored) loads were be used for the stability analysis of concrete structures. 

5.3.3.10 Load Combination for Strength Design of Concrete Structures 
 
Ultimate loads for strength design of concrete are based on Chapter 3, EM 1110-2-2104, 
"Strength Design for Reinforced Concrete Hydraulic Structures". 
 
Usual:   Uh = Hf [1.7(D + L)] 
Unusual: Uh = 0.75Hf [1.7(D + L)]  
Extreme: Uh = 0.75Hf [1.0(D + L)] 
 
Where:  Hf = 1.65 for members in direct tension 

Hf = 1.30 for all other members 

5.3.3.11 Required Factors of Safety for Stability 
 

The factors of safety for stability shown in Table 5.3-D are based on EM 1110-2-2100, 
"Stability Analysis of Concrete Structures".  The Site Information Category is “Ordinary”, per 
Section 3-4 of EM 1110-2-2100.  The structures analyzed are “Critical Structures”, as defined in 
Section 3-5 of EM 1110-2-2100. 
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TABLE 5.3-D – Summary of Factors of Safety for Lock Walls 

  Usual Unusual Extreme References from 
EM 1110-2-2100 

Sliding 2.0 1.5 1.1 Table  3-2 

Flotation 1.3 1.2 1.1 Table  3-4 

Location of 
Resultant for 
Rotational Stability 

100% of Base in 
Compression 

75% of Base in 
Compression Within Base Table  3-5 

 
 
5.3.4 Additional Drilled Shaft Design Criteria 

5.3.4.1 Service Load Design Criteria 
 

The deflection at the top of monolith was limited to ¾-inch for the Construction load case 
and ½-inch for the Normal Operation load case.  These deflection criteria are checked using the 
unfactored service loads.  The drilled shaft design is also limited to no direct tension in the shafts 
for the Normal Operation load case.  Tension within the shaft is allowed for the Construction 
load case.   

5.3.4.2 Strength Design of Drilled Shafts 
 

The strength of the drilled shafts was checked for the factored load combinations provided 
previously.   

5.3.4.3 Rock Lateral Capacity  
 

Rock lateral spring values were determined using Vesic’s equation as shown below. 
  

Kspring  = Kh x B x S = 1.06 Es S      
Kh = Es / [B (1 – µ2)] = 1.06 Es / B 
 

 Where  S = shaft segment length or spring spacing 
  B = shaft diameter 

Kh = Terzaghi’s coefficient of horizontal subgrade reaction 
  Es = Young’s Modulus (25 ksi) 
  µ  = 0.25 assumed 
 

The ultimate lateral capacity for the rock at Emsworth is not known.  Rupture of the rock due 
to the drilled shaft deflection will need to be checked at a later design phase when additional 
geotechnical information is known. 



UPPER OHIO NAVIGATION STUDY                 Engineering Appendix  
  

 
 
 

 
EMSWORTH SITE APPENDIX                            Page 5-11 

5.3.4.4 GT STRUDL Analysis   
 

Two dimensional plane frame models were developed to analyze the monoliths supported on 
drilled shafts using the structural analysis program GT STRUDL.  The models analyzed half of a 
monolith supported on two drilled shafts.  Only transverse loading was considered for the 
feasibility analysis.   
 

The rock foundation was modeled using linear springs with spring stiffness constants derived 
from Vesic’s equation discussed above.  In general, the rock springs are spaced two feet on 
center along the length of the drilled shafts and have pinned end conditions, such that the springs 
only provided lateral resistance to the shafts. 
 

For the analyses where the culvert is located inside the lock chamber, the monoliths are 
located near a large rock excavation.  For this condition, the rock springs above the culvert invert 
elevation were removed from the model, and the rock was assumed to provide no lateral restraint 
to the shafts in this region.  However, the rock between the drilled shafts stiffens the foundation 
and reduces the monolith deflections.  A diagonal compressive strut was placed between the two 
shafts to model the rock between the drilled shafts.  The strut extends diagonally from the top of 
the exterior shaft to the interior pile at the elevation of the culvert invert. 
 
5.3.5 Fixed Approach Walls Loads and Load Combinations 
 

The design basis for the length of the approach walls is assumed to be at least the same 
usable length of the lock chamber that the particular wall is directly attached.  For example for a 
new 1,200-ft river chamber the upper and lower guard walls are at least 1,200-ft long.  For a new 
600-ft land chamber the upper and lower guide walls are at least 600-ft long.  This assumption 
would be refined and evaluated during the detailed design phase after the feasibility level study 
is completed and authorized.  Shortening of the walls and design refinements maybe possible 
depending on the river conditions which would be modeled using a physical hydraulic model.  
The required height of the approach walls was based upon the normal pool levels (upper and 
lower pools) and the river levels when navigation is suspended at the existing lock. 

5.3.5.1 General and Material Strength 
 

The fixed approach wall design is based on the detailed and final design performed for the 
upper guard wall at Charleroi Locks.  This type of wall configuration is planned for 
Chickamauga Lock and has been used successfully at Marmet Locks, London Locks, Winfield 
Locks and Olmsted Locks.  This wall uses pre-stressed hollow box beams approximately 110 
feet long.  Because of the preliminary design nature of the feasibility level design with the 
critical design loads and support conditions, the detailed design of the box beams is applicable to 
be used for the fixed approach walls.  The following is a summary of the design criteria is from 
the Charleroi Design Documentation Report.   

 
The criteria for prestressed concrete is based primarily on Chapter 18 of ACI 318 with the 

more conservative specifications found in Section 9 of AASHTO Standard Specifications. 
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Prestressed members and composite members shall be designed to satisfy both strength 
(Ultimate Strength Design-USD) and serviceability requirements (Working Stress Design - 
WSD).  The combined use of prestressed and conventional mild steel reinforcement is permitted 
to determine ultimate strength. 

 
The properties of steel used for prestressed concrete shall be as follows: 
 Mild Steel Reinforcement:  ASTM A 615 Grade 60  
 Prestressing Bars: ASTM A 722 Grade 150 with deformations conforming to A 615  
 Prestressing Strands: ASTM A 416, Grade 270, Low Relaxation  
 Spiral Reinforcing Wire: ASTM A 82 

 
Working Stress Design of prestressed concrete shall conform to the following requirements: 

 
Prestressing Steel Allowable Stress: 

LOW-RELAX 
BAR      STRAND 

Maximum Jacking      0.75 fpu      0.75 fpu 
Maximum at Transfer      0.70 fpu      0.70 fpu 
Effective (After Losses)     0.60 fpu      0.65 fpu 
 

Concrete Allowable Stress: 
 

At Transfer (Before Losses):   Compression 0.55f’ci 
Tension 0 

 
At Service Loads (After Losses): Compression 0.40 f’c 

Tension 0 
Tension at Unusual and Extreme Conditions 3 (f’c)1/2 

5.3.5.2 Loads 
 

The following is a list of individual loads (and abbreviations) used for the guard wall analysis 
and design: 
 
 Dead Load (DL). For design, use a unit weight for both prestressed and reinforced 

concrete, of 150 pcf. 
 
 Live Load (LL). The vertical live load is considered 100 psf and applied to the box beam 

is applied on a 6.0 ft wide strip of beam horizontal top surface.  This load is for walking 
and light carts used by Operations staff.   

 
 Post-Tensioning (PT). 

 
 Water Pressure and Buoyancy (WA). Water unit weight is assumed 62.5 pcf. 
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 Barge Impact, usual load condition BI(US). A 2.5 kip/ft linear load normal to the inside 
wall face (approach face) and the nose cell is considered as the design barge impact load 
under usual condition. 

 
 Barge Impact, extreme load condition BI(EX). A 2,453 kips concentrate load is 

considered applied on the top of the nose cell at elevation. 
 
 Current Pressure (C). Current pressure is based on a flow velocity of 4 feet/second. The 

current pressure P=Cd*W*V2/2g; where, Cd=Drag Coefficient, use 1.5 for the nose cell 
design, 2.0 for the box wall beam design, and 3.0 for the skirt design. W=Specific weight 
of water, V=Flow velocity. 

 
 Horizontal Wave Pressure (WAVE). Horizontal wave pressure is based on a 4 ft high 

wave equated to an additional static head that acts in the freeboard area.  
 
 Wind Pressure (WIND). The wind load is assumed 30 psf.  

 
 Temperature Change (TCS). The temperature design range is considered rise or fall of 40 

degree Fahrenheit for the concrete structures. 
 
 Ice Pressure (ICE). Ice load is considered a 5 klf load perpendicular to the box beam and 

the nose cell acting at the water line. 
 
 Debris Load (DI). A 5 kips impact load with 60 degree approaching angle will be 

considered in the skirt panel bracket protection cover design. 

5.3.5.3 Load Combinations 
 
Service load and factored load combinations are used in the design of the guard wall and the 
foundation system. Both methods are used depending upon the design approach for the different 
structural elements.  
 
The service and factored load combinations are as follows: 
 
Service Load Combinations: 

1. DL + LL + PT + BI(US) + WA + C  
2. 0.75 [DL + LL + WA + C + WIND + ICE] + PT  
3. 0.75 [DL + LL + WA + C + WIND + WAVE] + PT  
4. 0.67 [DL + LL + BI(EX) + WA + C] +PT 
5. 0.75 [DL + LL] + PT  

 
Notes: 
a. The load cases listed are based on AASHTO. 
b. The 0.75 and 0.67 factor applied to the load combinations are for unusual and extreme load 
conditions. 
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Factored Load Combinations 
1. 1.7 Hf [DL + LL + BI(US) + WA + C] +PT 
2. 0.75 [1.7 Hf] [DL + LL + WA + C + WIND + ICE] + PT  
3. 0.75 [1.7 Hf] [DL + LL + WA + C + WIND + WAVE] + PT  
4. 0.67 [1.7 Hf] [DL + LL + BI(EX) + WA + C] +PT  
5. 0.75 [1.7 Hf] [DL + LL] + PT  

 
Notes: 
a. EM 1110-2-2104 specifies Hf = 1.3 for hydraulic structures. 
b. The 0.75 and 0.67 factor applied to the load combinations are for unusual and extreme load 
conditions. 
 
5.3.6 Floating Approach Walls Loads and Load Combinations 

 
The floating approach wall design is based on the detailed and final design performed for the 

lower guard wall at Charleroi Locks.  In this system, a floating hollow concrete pontoon 
structure with intermediate transverse bulkheads is fabricated at a dry-dock facility and floated to 
the project site. The pontoon has been longitudinally prestressed to eliminate any tension within 
the section and provide for a watertight section within the pontoon.  

 
The pontoon will be designed such that it provides a minimum of 2.5 feet of impact surface 

below the waterline and 7 feet above the waterline.   The floating approach wall is designed 
accounting for the in-service conditions and temporary construction conditions.  The in-service 
conditions include dead load, live loads, impact loads, buoyancy load, ice and post tensioning 
forces.  The construction conditions include the dead load and temporary jacking forces applied 
during assembly and post-tensioning the individual units together. 
 
5.3.7 Temporary Cofferdam Loads and Load Combinations 

5.3.7.1 General 
 

The design of the cellular cofferdam portion was based on EM 1110-2-2503 Design of Sheet 
Pile Cellular Structures.  These portions of the cofferdam are considered temporary, and were 
designed with granular fill to facilitate its removal after the future lock chamber is completed.   

5.3.7.2 Design Loads 
 
Granular Fill Material 

The granular fill material within each of the cells and arcs is assumed to have geotechnical 
properties as described Table 5.2-B in Geotechnical Properties.   
 
Horizontal Water Pressure 

The horizontal triangular distribution is defined by applicable pool elevations with a unit 
weight of water taken as 62.4 pcf. 
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Barge Impact 
Barge impact loads are not considered and it is assumed that protection cells or some other 

feature would be provided to protect the cofferdams. 
 
Saturation Level 

The saturation level of the granular fill material is established in accordance to Figure 4-2 in 
EM 1110-2-2503.  The presence of weep holes, dewatering wells, and berms are taken into 
consideration.  The fill material within the cells is assumed to be free draining coarse graded fill.   

5.3.7.3 Design Loading Conditions 
 

Four loading conditions were used to analyze and determine the cofferdam cells for the 
criteria listed in Table 5.3-E, Summary of Factors of Safety for Sheet Pile Cofferdams.  Separate 
pool levels were used for determining stability of upstream and downstream cells.  The presence 
of a berm, if necessary, was included in the analysis as a positive measure taken to control the 
phreatic surface in the cell and therefore the stability.  Overburden was assumed to be excavated 
from within the cofferdam cell and replaced with clean and free-draining material, shown as cell 
fill on the following figures.  The testing that will be completed during the additional subsurface 
investigation will determined if the overburden is adequately clean and free draining.  Any 
adequate overburden material will remain in place. 

 
  Two dimensional models were developed to analyze the cofferdam cells using the computer 

program CCELL.  Only circular cells are permitted for analysis in CCELL where the stability of 
the structural is evaluated for different failure modes.  Loading conditions must be investigated 
and are provided in Section II Loading Conditions in EM 1110-2-2503.  The conditions are as 
follows: 

 
Case 1.  Maximum Pool Condition consists of the river pool at the top of the outboard face of 

the cofferdam cell; water elevation at the base of the excavation inside the cofferdam; and a 
saturation line that was to conservatively slope from top outboard face of the cell at a slope of 
1H:1V to the inboard face, with the final inboard face elevation no less than the base of the 
excavation within the cofferdam.  It should be emphasized that the saturation level within the 
cell fill is perhaps the single most important consideration in the design of the cells; therefore, its 
location must be estimated with extreme care.  The slope of the saturation level was assumed to 
be 1H:1V due to the granular fill present in the cell and based on guidance provided in EM 1110-
2-2503.  A general cross section is provided in Figure 5.3-B.   
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FIGURE 5.3-B – Case 1. Maximum Pool Condition 

 
Case 2.  Initial Filling Condition balances pools on both the inside and outside of the 

cofferdam at an elevation of the upper pool for the upstream or downstream case; for 
determination of maximum interlock stress, cell fill is assumed to be completely saturated to top 
of cell. Figure 5.3-C shows the general cross section for this loading condition.  
 

 
FIGURE 5.3-C – Case 2. Initial Filing Condition 

 
Case 3.  Drawdown Condition places the pool elevation inside the cofferdam cell a specified 

distance below the pool level outside the cofferdam cell.  Saturation levels vary uniformly 
between the outside pool level and some specified distance above the pool level inside the 
cofferdam cell.  This condition can be critical for stability and interlock stress.  Drawdown 
would be critical for cofferdam cells that used fine grained material, unlike the coarse grained 
material available within the river.  It was determined that drawdown in cofferdam cells at our 
sites did not control cell geometry but would rather control construction schedule.   

 
Case 4.  Normal Pool Conditions consists of the outboard face of the cell at upper pool 

elevation for either the upstream and downstream case; the elevation of water at the base of the 
excavation inside the cofferdam cell; and a saturation line that was assumed to slope from the 
upper pool elevation at a slope of 1H:1V down to the inboard face, no less than the elevation of 
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the base of the excavation.  Again, the slope was assumed to be 1H:1V due to the granular fill 
present in the cell.  Figure 5.3-D shows the general cross section for this loading condition 
 

 
FIGURE 5.3-D – Case 4. Normal Pool Condition 

5.3.7.4  Design Criteria 
 

The analysis and design is based on the equivalent cell width method using PS steel sheet 
piles with 30-degree connecting wye for all the arcs.  The cofferdam is analyzed for external 
stability due to sliding, overturning, and foundation pressure.  The cofferdam internal stability is 
analyzed for interlock tension, vertical shear, horizontal shear, and pullout of the outboard 
sheets.  The calculated stability results are compared against the required factors of safety.    
 

The following factors of safety shown in Table 5.3-E are used for the design criteria of the 
cellular cofferdam.  These factors are based on experience and Table 4-4 of EM 1110-2-2503. 
 

TABLE 5.3-E – Summary of Factors of Safety for Sheet Pile Cofferdams 

Required Factor of Safety 
Loading Condition 

Failure Mode Normal 
Sliding 1.5 
Overturning (gravity 
block) 

Inside Kern 
Minimum 100% base 

compression 
Interlock Tension 2.0 
Vertical Shear 
Resistance (Terzaghi) 

1.5 

Horizontal Shear 
Resistance 
(Cummings) 

1.5 

Pullout of Outboard 
Sheets 

1.5 
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5.3.7.5 Interlock Tension 
 

The factor of safety against excessive interlock tension is defined as the ratio of the interlock 
strength as guaranteed by the manufacturer to the maximum computed interlock tension.  Then 
interlock tension developed in a cell is a function of the internal cell pressure.  The cell fill 
pressure is calculated using the coefficient of internal pressure recommended from Table 4-2 of 
EM 1110-2-2503. The sheet piles are assumed to be driven to refusal within rock.   
 

TABLE 5.3-F – Sheet Pile Material Strength 

ASTM Grade Min. Yield Point 
(ksi) 

Min. Tensile Point 
(ksi) 

Interlock Strength 
(k/in) 

A572 50 65 20.0 
 
 
5.3.8 References 
 

The structures shall be designed in accordance with the criteria and guidance furnished in 
Corps of Engineers manuals for engineering and design, industry standards and other technical 
references as follows: 

5.3.8.1 Engineering Manuals 
 
• EM 385-1-1 Safety and Health Requirements Manual, September 2008 
• EM 1110-1-1804 Geotechnical Investigations, January 2001 
• EM 1110-1-1904 Settlement Analysis, September 1990 
• EM 1110-1-1905 Bearing Capacity of Soil, October 1992 
• EM 1110-1-2908 Rock Foundations, November 1994 
• EM 1110-2-1302 Civil Works Cost Engineering, September 2008 
• EM 1110-2-1604 Hydraulic Design of Navigation Locks, May 2006 
• EM 1110-2-1605 Hydraulic Design of Navigation Dams, May 1984 
• EM 1110-2-1610 Hydraulic Design of Lock Culvert Valves, August 1975 
• EM 1110-2-2000 Standard Practice for Concrete for Civil works Structures, 
February 1994, Change 2, August 2003 
• EM 1110-2-2100 Stability Analysis of Concrete Structures, December 2005  
• EM 1110-2-2102 Waterstops and Other Joint Materials, September 1995 
• EM 1110-2-2104 Strength Design of Reinforced Concrete Hydraulic Structures, 30 
June 1992, Change 1, August 2003 
• EM 1110-2-2105 Design of Hydraulic Steel Structures, March 1993, Change 1, May 1994 
• EM 1110-2-2200 Gravity Dam Design, June 1995 
• EM 1110-2-2302 Construction with Large Stone, October 1990 
• EM 1110-2-2502 Retaining and Flood Walls, September 1989 
• EM 1110-2-2503 Design of Sheet Pile Cellular Structures, September 1989 
• EM 1110-2-2504 Design of Sheet Pile Walls, March 1994 
• EM 1110-2-2602 Planning and Design of Navigation Locks, September 1995 
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• EM 1110-2-2703 Lock Gates and Operating Equipment, June 1994 
• EM 1110-2-2902 Conduits, Culverts and Pipes, October 1997, Change 1, March 1998 
• EM 1110-2-2906 Design of Pile Foundations, January, 1991 

5.3.8.2 Engineering Circular, Engineering Technical Letters and Engineering 
Regulations 

 
• ER 1110-1-8155 Engineer and Design - Specifications, October 2003 
• ER 1110-2-563 Barge Impact Analysis for Rigid Walls, September 2004 
• ER 1110-2-1150 Engineering and Design for Civil Works Projects, August 1999 
• ER 1110-2-1302 Civil Works Cost Engineering, September 2008 
• ER 1110-2-1404 Hydraulic Design of Deep Draft Navigation Projects, January 1996 
• ER 1110-2-1458 Hydraulic Design of Shallow Draft Navigation Projects, April 1998 
• ER 1110-2-8157 Responsibility for Hydraulic Steel Structures, June 2009 

5.3.8.3 Technical Publications 
 
• American Concrete Institute, “Building Code Requirements for Structural Concrete and 
Commentary”, ACI-318-08 
• American Concrete Institute, “2010 Manual of Concrete Practice” 
• American Concrete Institute, “Guide for the Design and Construction of Fixed 
Offshore Concrete Structures”, ACI-357-R-84(97) 
• American Concrete Institute, “Control of Cracking in Concrete Structures”, ACI 
224R-01(08) 
• American Institute of Steel Construction, “Manual of Steel Construction, AISC, 13th Edition 
• American Welding Society, “Structural Welding Code – Steel, 2008 Edition”, AWS D1.1 
• American Association of State Highway and Transportation Officials, “Standard Specifications 
for Highway Bridges,” 17th Edition, 2002, Revised 2005 
• American Society of Civil Engineers, “Minimum Design Loads for Buildings and Other 
Structures”, ASCE/SEI 7-05 
• Post-Tensioning Institute, Recommendations for Prestressed Rock and Soil Anchors 
 
 
5.4 MECHANICAL CRITERIA 
 

Mechanical systems and components are designed in accordance with the criteria and 
guidance furnished in portions of the Corps of Engineers manuals for engineering and design, 
industry standards and other technical references as follows: 
 
5.4.1 Engineering Manuals 
 
• EM 1110-2-2602 Planning and Design of Navigation Locks, 30 September 1995. 
• EM 1110-2-2610 Gate Operating Equipment for Navigation Locks and Spillways, December 
2003, Change 1, April 2004, Change 2, November 2008 
• EM 1110-2-2703 Lock Gates and Operating Equipment, June 1994.  
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5.4.2 Engineering Regulations  
 
• ER 1110-2-1150 Engineering and Design for Civil Works Projects, 31 August 1999 
• ER 1110-1-8155 Engineering and Design - Specifications, October 1993. 
 
5.4.3 Miscellaneous References, as applicable 
 
American National Standards Institute (ANSI): 
 
• ANSI B93.2(1986) Fluid Power Systems and Products - Glossary 
• ANSI B93.11M(1981; R 1988) Hydraulic Fluid Power - Line Tubing - Seamless Low Carbon 
Steel 
• ANSI Y14.17(1966; R 1987) Fluid Power Diagrams 
 
 
ASME International (ASME): 
 
• ASME B1.1(2003) Unified Inch Screw Threads (UN and UNR Thread Form) 
• ASME B1.20.1(1983; R 2006) Pipe Threads, General Purpose (Inch) 
• ASME B1.20.3(1976; R 2003) Dryseal Pipe Threads (Inch) 
• ASME B16.11(2005) Forged Fittings, Socket-Welding and Threaded 
• ASME B17.1(1967; R 2003) Keys and Keyseats 
• ASME B17.2(1967; R 2003) Woodruff Keys and Keyseats 
• ASME B18.2.1(1996; Addenda A 1999; Errata 2003; R 2005) Square and Hex Bolts and 
Screws (Inch Series) 
• ASME B18.2.2(1987; R 2005) Square and Hex Nuts (Inch Series) 
• ASME B18.21.1(1999; R 2005) Lock Washers (Inch Series) 
• ASME B18.22.1(1965; R 2003) Plain Washers 
• ASME B18.6.2(1998; R 2005) Slotted Head Cap Screws, Square Head Set Screws, and Slotted 
Headless Set Screws: Inch Series 
• ASME B31.1(2004; Addenda A 2005; Addenda B 2006) Power Piping 
• ASME BPVC SEC VIII(2007) Boiler and Pressure Vessel Codes:  Section VIII Rules for 
Construction of Pressure Vessels, Division 1 
 
 
ASTM International (ASTM): 
 
• ASTM A 193/A 193M(2007) Standard Specification for Alloy-Steel and Stainless Steel 
Bolting Materials for High-Temperature Service 
• ASTM A 269(2007) Standard Specification for Seamless and Welded Austenitic Stainless Steel 
Tubing for General Service 
• ASTM A 312/A 312M(2006) Standard Specification for Seamless, Welded, and Heavily 
Worked Austenitic Stainless Steel Pipes 
• ASTM A 320/A 320M(2007) Standard Specification for Alloy/Steel Bolting Materials for 
Low-Temperature Service 
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• ASTM A 322(2007) Standard Specification Steel Bars, Alloy, Standard Grades 
• ASTM A 542/A 542M(1995) Pressure Vessel Plates, Alloy Steel, Quenched-and-Tempered, 
Chromium-Molybdenum, and Chromium-Molybdenum-Vanadium 
• ASTM A 564/A 564M(2004) Standard Specification for Hot-Rolled and Cold-Finished Age-
Hardening Stainless Steel Bars and Shapes 
• ASTM A 574(2004e1) Standard Specification for Alloy Steel Socket-Head Cap Screws 
• ASTM B 150/B 150M(2003) Standard Specification for Aluminum Bronze Rod, Bar, and 
Shapes 
• ASTM B 209(2006) Standard Specification for Aluminum and Aluminum-Alloy Sheet and 
Plate 
• ASTM B 211(2003) Standard Specification for Aluminum and Aluminum-Alloy Bar, Rod, and 
Wire 
• ASTM B 241/B 241M(2002) Standard Specification for Aluminum and Aluminum-Alloy 
Seamless Pipe and Seamless Extruded Tube 
• ASTM D 2240(2005) Standard Test Method for Rubber Property - Durometer Hardness 
• ASTM D 395(2003) Standard Test Methods for Rubber Property - Compression Set 
• ASTM D 412(2006a) Standard Test Methods for Vulcanized Rubber and Thermoplastic 
Elastomers - Tension 
• ASTM D 471(2006) Standard Test Method for Rubber Property - Effect of Liquids 
• ASTM D 572(2004) Rubber Deterioration by Heat and Oxygen 
• ASTM G 85(2002e1) Modified Salt Spray (Fog) Testing 
 
American Welding Society (AWS): 
 
• AWS D1.1/D1.1M(2006; Errata 2006) Structural Welding Code - Steel 
 
Industrial Fasteners Institute (IFI): 
 
• IFI 100/107(2002) Prevailing Torque Steel Hex and Hex Flange Nuts Regular and Light Hex 
Series 
 
Manufacturers Standardization Society of the Valve and Fittings Industry (MSS): 
 
• MSS SP-58(2002) Standard for Pipe Hangers and Supports - Materials, Design and 
Manufacture 
• MSS SP-69(2003; R 2004) Standard for Pipe Hangers and Supports - Selection and Application 
• MSS SP-83(2006) Standard for Class 3000 Steel Pipe Unions Socket Welding and Threaded 
 
National Electrical Manufacturers Association (NEMA): 
 
• NEMA ICS 1(2000; R 2005) Standard for Industrial Control and Systems General 
Requirements 
 
Society of Automotive Engineers International (SAE): 
 
• SAE J1165(1979; R 1986) Reporting Cleanliness Levels of Hydraulic Fluids 
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5.5 ELECTRICAL CRITERIA 

 
Electrical design criteria include applicable portions of the Corps Engineering manuals for 

civil work construction and applicable portions of industry standards and codes referenced 
below. 

 
Clearances and working space for electrical/electronic equipment will be in accordance with 

the National Electrical Code (NFPA 70).  Lighting software titled “Visual” manufactured by 
Acuity Brands Lighting will be utilized to insure adequate illumination of the lock chamber and 
walls.  A short circuit analysis will be conducted to insure equipment is braced for the maximum 
fault current.  Once loads are finalized, a load analysis will be conducted. Short circuit and 
ground fault protection, motor overloads, wiring, grounding, and raceway sizing will be based on 
the safety requirements of NFPA 70.  Generators will be sized for the maximum simultaneous 
demand using software. 

 
5.5.1 Design References and Codes. 
 
• IEEE C2, National Electrical Safety Code, 2009 
• IEEE Std. 141-1993 Recommended Practice for Electrical Power Distribution for Industrial 
Plants  
• Illuminating Engineering Society of North America (IESNA) Lighting Handbook 
• NFPA 70, National Electrical Code, 2011 
• NFPA 780, Lightning Protection Code, 2008 
• NFPA 101, Life Safety Code, 2009  
• NFPA 110, Emergency and Standby Power Systems, 2010  
• UFC 3-501-01 Electrical Engineering  
• UFC 3-520-01 Interior Electrical Systems 
• Underwriter Laboratories, Incorporated 
• EM 1110-2-2602, Planning and Design of Navigation Locks, 30 Sept 1995 
• EM 1110-2-2610, Gate operating Equipment for Navigation Locks and Spillways 
• EM 1110-2-2703, Lock Gates and Operating Equipment, 30 June 1994 
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6. CIVIL ENGINEERING DESIGN  
 
 
6.1 EXCAVATION  
 

Excavation of both soil and rock may be necessary for the lock modernization dependent 
upon the option selected.  Excavation for this project has been separated by soil and rock and 
more specifically by general structural elements: Lock Monoliths, Deep Foundations, Lock 
Chambers, and Cofferdam.  
 
6.1.1 Soil Excavation 

6.1.1.1 General 
 

Overburden soils are excavated to the top of the rock at monoliths for the river, middle and 
land walls; the lock chambers; the connection of the dam and river wall monoliths; and any dam 
gates.  Cofferboxes will be utilized to construct some of the lock monoliths and requires removal 
of overburden, during in the wet conditions, leaving approximately 12 feet of overburden.  This 
provides stability of the cofferboxes during their installation.  Once in place, the remaining 
overburden will be removed down to the top of rock and foundation preparations can be made.  
Any soil within a cofferdam will be excavated down to the top of rock.       

6.1.1.2 Lock Monoliths 
 

Soil will be excavated in the wet so that 12 feet of overburden remains.  This is necessary to 
achieve construction of the cofferboxes.  The width of the excavation will include the cofferbox 
dimensions in addition to 5 feet of working area on either side.  The excavation will be sloped 
back to provide an adequate factor of safety against sliding and therefore a stable slope.  Once 
the cofferboxes are in place, the remaining overburden inside can be removed down to the top of 
rock.  Soil that will be excavated during dry conditions, such as within the chambers, will be 
removed down to rock.  

6.1.1.3 Deep Foundations 
 

Deep foundations for this project include varying lengths of drilled shafts which will require 
soil removal.  Drilled shafts are located in areas of the floating downstream approach wall, the 
guide and guard walls, the middle wall, and the river wall.  The land wall foundation will rest on 
a prepared rock surface with no drilled shafts.  Any overburden that has not already been 
excavated as mentioned in Section 6.1.1.2 Lock Monoliths will be removed during drilling for 
the deep foundations, which is primarily in the area of the floating approach walls.  Excavation 
of the soil for the drilled shafts will only occur within their extent.  This will be accomplished 
concurrently with the excavation of the rock for the shafts during the drilling process.  
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6.1.1.4 Lock Chambers 
 

During excavation of the overburden for the lock walls and cofferboxes as mentioned in the 
above section, the sloped sides cut back portions, if not all, of the overburden within the lock 
chambers.  The remaining soil will be removed down to the top of rock at an elevation of 
approximately 685.  This construction will be conducted in the dry. 

6.1.1.5 Cofferdam 
 

During construction of the land wall; dam gates and sills; remaining monoliths; and the 
installation of the new connection between the dam and the river monoliths, temporary 
cofferdams will be used to complete the construction in dry conditions.  Soil will be excavated 
from within the cofferdam cells unless found to be adequate material that is clean and free 
draining.  Soil will be removed within the dry area protected by the cofferdam structure to 
provide a clean surface for foundation preparations. 
 
6.1.2 Rock Excavation 
 

For stability purposes, it will be essential to remove all fractured rock on the edges and 
bottom of the excavation. If any coal is encountered, excavation will continue through the layer 
to the material below the seam.  Stability against sliding requires the strength of intact rock for 
the monoliths to satisfy the required factors of safety.  Therefore, tremie concrete in the bottom 
of the excavation must contact sound rock in the excavation. 

6.1.2.1 Lock Walls  
 

Rock excavation will be required at Emsworth Locks and Dam.  The middle and river lock 
walls will rest on top of rock with support from drilled shafts.  The land wall, the only lock wall 
without drilled shafts, will be excavated to elevations of approximately 600 or 665 or at a 
minimum of five feet above the top of known or suspected coal seams. A small amount of rock 
excavation will be required for miter gates.    

6.1.2.2 Deep Foundations 
 
Deep foundations are design for the middle and river monoliths and the downstream floating 

guard wall.  Excavation of foundation rock for the shafts will be accomplished by specialty 
contractors during in the wet conditions.  A probable construction scenario is to use a 
combination of permanent and or temporary steel casing.  

6.1.2.3 Lock Chambers 
 
The lock chamber floors will consist of concrete on top of prepared bedrock or gravel 

backfill as shown on Plate E-11A.  Rock excavation will be necessary within the areas of the 
sills down to elevations of 660.  The land lock chamber will be excavated to an elevation of 600 
while the river chamber will be excavated to an elevation of approximately 651. Additional 
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excavation may be required to clean the bedrock as required in Section 6.2, Foundation 
Preparations.  The rock is expected to be rippable so blasting is not anticipated to be necessary. 
 

Due to the variable nature of the foundation conditions, calculations need to be completed for 
uplift pressures on the lock chamber floors.  During excavation, rock joints and fractures may be 
exposed allowing uplift on the lock chamber floor.  If the calculations show adverse uplift 
pressures, weep holes need to be designed to reduce the pressures. 

 
 

6.2 FOUNDATION PREPARATION  
 

All foundations for the selected option will be founded on clean level bedrock or upon drilled 
shafts. Some additional work is required to prepare the excavations for the new monoliths, 
approach walls, features within the chambers, and the connection to the dam. 

 
The foundations for these structures should be excavated to the dimensions and grades 

indicated, without excessive loose material in the excavation, and free of large protrusions into 
the foundation excavation. Rock excavation should be done in a manner which minimizes 
damage and cracking to the remaining adjacent bedrock. Any cast-in-place concrete structures 
that will be cast in-the-dry should be placed on a sound bedrock surface without loose material. 
Therefore, care will be taken during this in-the-dry excavation work to avoid over-excavation 
and the need for additional foundation concrete treatment. 
 
6.2.1 Leveling 
 

After evaluation of the bottom survey of the excavation, some work will be required to 
remove or modify rock discontinuities. It is likely that, because of the low quantity and precise 
tolerance of this work, the spot excavation will be completed by mechanical methods. 
Unsatisfactory high areas will be removed and unsatisfactory depressions will be filled with 
tremie or dental concrete.  The excavation surface may be mapped in order to verify that it is 
within allowable tolerances. 
 
6.2.2 Evaluation 
 

The bottom of each monolith excavation must be evaluated to assure adequate quality of the 
exposed rock as determined from the subsurface investigation. The inspection will confirm that 
the excavation has been cleaned to sound rock and that excess debris or spoil has been removed. 
Any excess or loose material identified by the inspection will be removed.  
 
 
6.3 DISPOSAL 
 

Soil, rock and concrete excavated or removed from the project will be transported to a 
licensed landfill location.  The Pittsburgh District has located several sites that are forecasted to 
have sufficient future capacity to accept the volume of spoils expected based on the various 
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option schemes.  Investigations into Government furnished disposal areas were deferred from the 
feasibility study and will be investigated during the next project phase.   

 
 

6.4 BUILDINGS AND GROUNDS 
 
6.4.1 Project Operations Facilities 
 

The existing project operations facilities at the site include a two story service building on the 
esplanade that consists of offices, a small conference room, and a garage.  On the middle wall at 
Emsworth, there is a two story operations building that houses the main distribution motor 
control center and hydraulic pumps that operate the facility.  The middle wall also has two small 
shelters that house the lock gate and valve controls.  The river wall has a three story building that 
is located in the same alignment as the dam.  This river wall building houses the generator and 
air compressor for the facility and also provides access to the dam service bridge.   

 
Depending on the specific lock modernization option most of the existing buildings at the site 

will be demolished during construction, with the exception of the land wall service building.  
The land wall service building will only be demolished if a new land chamber is constructed.  
Prior to demolition, temporary facilities will be provided for the generator, compressor and 
controls.  With all lock modernization options, a new middle wall control tower and shelters will 
be constructed.  If a new land chamber is constructed a new land wall service building will be 
constructed.  If a new land chamber is not constructed, as with the recommended plan, only a 
new equipment building will be constructed on the land wall.    

 
With the recommended plan, a new equipment building will be constructed upstream of the 

existing service building.  The new equipment building will house new compressors and 
electrical panels.  Currently the existing esplanade/land wall service building is located just 
upstream of the entrance ramp to the esplanade which restricts parking space at the facility 
where only four to five vehicles can park/drive onto the facility.  If a new land chamber is 
constructed, then a new land wall service building will be constructed in lieu of a new equipment 
building.  This new land wall service building will be located on both the existing esplanade and 
new land wall just upstream of the existing building and access tunnel to improve parking at the 
facility.  The new land wall service building will provide office space, increased conference 
room space, and a garage.   

 
The new middle wall control tower will provide the main distribution motor control center 

for the new facilities.   The building will be approximately 85’-7” in height and provide a 
panoramic view of the lock chambers.  The gates and valves for the lock chambers and dam can 
be operated from this building.  Additional control shelters will be provided on the lock walls for 
gate and valve operations.   
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6.4.2 Esplanade 
 

Currently there are two forms of access provided to the facility.  A bituminous asphalt access 
ramp provides public access for vehicles and pedestrian traffic onto the esplanade.  A small 
tunnel provides additional access for pedestrians.  The tunnel is located underneath the adjacent 
railroad tracks and provides access to the esplanade.  Public parking is provided on the land side 
of the access tunnel.  These access routes will remain open during construction.  No temporary 
access routes will be provided to the esplanade and land wall.      

 
Currently there are no plans to change the esplanade but only to repair any portion of it that 

would be damaged during construction of the project.  If the existing land wall service building 
on the esplanade is demolished and a new service building is constructed then the existing 
building will be removed down to the esplanade surface and the esplanade will be repaired to 
match existing conditions.  Areas below the esplanade will be filled in with concrete.  The 
finished surface will follow the contours of the existing esplanade to allow stormwater drainage.   

 
Depending on the specific lock modernization option selected, if a new land lock chamber is 

constructed it will be adjacent to the existing land wall.  The top of the new land wall will be 
crowned in the middle to direct stormwater runoff.  Water will run off the top of the new land 
wall and toward the existing land wall surface and esplanade.  The new land wall will include a 
filling and emptying culvert that is located in the bottom section of the wall.   

 
The existing drainage system will be modified to be used with the new land lock chamber if 

this modernization option is approved.  The drainage system is made up of three main parts.  The 
first part is mechanical and electrical trenches that drain water to the face of the land wall.  The 
construction of the new land wall will eliminate the trenches.  The mechanical and electrical 
trenches will be filled in with concrete.  The finished surface will allow the stormwater to travel 
to the nearest linear stormwater trench on the esplanade.     

 
The second part of the drainage system is a linear trench drain system on the esplanade.  The 

stormwater runoff is removed from this trench by drain pipes that empty into the existing turbine 
tunnel in the land wall.  The new land chamber will relocate the drain pipes to manholes in the 
new land wall. The water will drain from the manholes to the filling and emptying culvert that is 
located at the bottom section of the wall.   

 
The last part of the drainage system is a linear trench drain system that directs the stormwater 

runoff into a 10-inch diameter concrete pipe.  The pipe empties the water into Lowries Run.  The 
creek travels behind the lower guide wall.  The construction of the new land wall will not change 
this part of the drainage system.  The water will continue to drain water into Lowries Run after 
the new land chamber is constructed.   
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6.5 TEMPORARY CONSTRUCTION AREAS 
 
6.5.1 Batch Plant 
 

One concrete batch plant will be located at each of the Montgomery, Dashields, and 
Emsworth sites (at either the primary or secondary area).  The concrete batch plants will produce 
concrete for construction of the lock structures.   
 

The concrete batch plants will have the capacity to batch, mix and deliver concrete.  The 
plants will contain the following major pieces of equipment: 
 

 Aggregate loading hoppers, washer, re-screener and weigh hoppers, and automatic 
aggregate sampler 

 Water chiller (if necessary) 
 Ice house and batcher 
 Cementitious material weigh hoppers  
 Admixture dispensers, and  
 Mixing drum. 

6.5.1.1 Concrete Batching 
 

The concrete will be composed of various combinations of Portland cement, fly ash, ground 
granulated blast furnace slag (GGBFS), silica fume, limestone powder, water, fine and coarse 
aggregates and chemical admixtures.  The concrete will be proportioned to provide a mixture 
with adequate consistency and workability to be batched, mixed, delivered and placed.  The 
batch plant requirements will be determined in the next design phase. 

 

6.5.1.2 Material and Waste Inventory 
 

The concrete batch plants will require the use of numerous raw materials to produce 
concrete.  The concrete materials include Portland cement, fly ash, GGBFS, silica fume, 
limestone powder, coarse aggregate, fine aggregate and water.  Water containing residual waste 
will be generated when the coarse aggregate is washed prior to being place in the weigh hoppers.   
In addition, water from plant and drum clean-up will be generated.  All wastewater will be 
collected and treated in a series of sedimentation basins equipped with pH adjustment capability.  
Baghouse dust will be collected during the batching process.  The dust will be transported off 
Government property and disposed of in compliance with Federal, State, and local requirements 
at a permitted disposal facility. 
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6.5.2 Construction Offices 

6.5.2.1 Field Office 
 

Field offices will be located at each of the Montgomery, Dashields, and Emsworth sites (at 
either the primary or secondary area).  The field office will be located in the same location as the 
batch plant.  The Government field offices will consist of modular units.  The design of the field 
offices will be finalized during the next design phase. 

6.5.2.2 Concrete Laboratory 
 

One concrete laboratory will be located at each of the Montgomery, Dashields, and 
Emsworth sites (at either the primary or secondary area).  The concrete laboratory will consist of 
a prefabricated pre-engineered metal building structure with a concrete slab floor.  A separate 
concrete curing room constructed of insulated concrete block or insulated concrete will be 
constructed adjacent to the concrete lab. 
 
6.5.3 Real Estate Needs 
 

Two sites were identified as potential locations for the concrete batch plant, laboratory, and 
field office near the Emsworth Locks and Dam.  These sites are referred to as the primary site 
and secondary site.  The sites were selected based on their current use and their proximity to the 
Emsworth Locks and Dam.  The Primary Site is currently (June 2012) being remediated by the 
current landowner to meet the requirements of the PaDEP-Act 2 Land Recycling Program.  
Because the Act 2 program is ongoing at this site, the landowner refused to allow the USACE 
access to the Primary Site for Phase II investigations.  Therefore, no Phase II Environmental Site 
Assessment was conducted at this site.  At this time, the secondary area is the preferred 
temporary construction area location and is included as part of the Recommended Plan pending 
the evaluation of the Pennsylvania Act 2 report by the property owner after the report is 
submitted to PaDEP and provided to USACE for evaluation.   

 
For the primary and secondary batch plant sites at Emsworth, temporary easements would be 

acquired to use these parcels of property for construction activities.  The primary batch plant 
location is approximately 17.2 acres and is located on the left bank of the Ohio River at River 
Mile 6.2, just upstream of the Emsworth dam abutment.  This location will require the 
Government to acquire a temporary work area easement for two privately owned parcels of 
property.   

 
During the 1980s, approximately 1/3 of the eastern portion of the primary site was used to 

rehabilitate the Emsworth Locks and Dam.  Because of this work, the USACE is already in the 
Chain-of-Title for this property.  
 

The secondary batch plant location is approximately 7.06 acres and is located at River Mile 
6.2 on the left bank of the Ohio River, just downstream of the Emsworth dam abutment. This 
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location will require the government to acquire temporary easements for two privately owned 
parcels of property. 

 
6.5.4 HTRW Real Estate Compliance  
 

6.5.4.1 Phase I & II HTRW Site Assessments 
 

In accordance with Corps of Engineering regulations, Phase I Hazardous, Toxic, and 
Radioactive Waste (HTRW) investigations have been performed at the Primary and Secondary 
Sites.  The Phase I Environmental Site Assessment identified recognized environmental 
conditions (REC) at both of the properties.  As such, a Phase II Environmental Site Assessment 
was recommended at the Primary and Secondary Sites.  
 

6.5.4.2 HTRW Real Estate Compliance Information 
 
Primary Site 
 

The U.S. Army Corps of Engineers Pittsburgh District (LRP) is evaluating the suitability of 
obtaining real estate to support the Emsworth, Dashields and Montgomery (EDM) Lock 
Modernization.  Real estate interests are proposed to be acquired to accommodate potential work 
and laydown areas necessary for the EDM modernization.    The Phase I Environmental Site 
Assessment identified recognized environmental conditions (REC) for the Site, indicating a need 
to further investigate the site.   

 
A Phase II Environmental Site Assessment was not performed for this site because a right of 

entry was not obtained from the landowner. 
 
Secondary Site 
 

The Phase II ESA investigation for the Emsworth Secondary site indicates there is sufficient 
land available to support construction of the proposed lock and to develop a Real Estate Plan that 
maximizes avoidance of contaminated areas, as shown in Figure 6.5-A. Given that property 
acquisition of the subject parcel would almost certainly be some years in the future, an updated 
assessment is required prior to acquisition to meet the CERCLA all appropriate inquiry standards 
established by USEPA. 
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FIGURE 6.5-A – Secondary Site 

 

6.6 UTILITY RELOCATIONS 
 

No off-site or public utilities are impacted by the proposed lock construction.  
 

A Pennsylvania One-Call Utility Location Request was made to locate the utilities on or near 
the proposed location for the batch plant (Serial Number 20092221741).  The following utilities 
reported potential conflicts: 
 
1. Liquid Petroleum Gas – Buckeye Partners 
2. Natural Gas – Columbia Gas of PA 
3. Electric – Duquesne Light Company 
4. Nitrogen – Linde Inc 
5. Municipal Lines – Neville Township 
6. Municipal Lines – Allegheny County Public Works Department 
7. Telecommunications – Verizon Pennsylvania, Inc 
8. Telecommunications – Comcast Cable Corporation, Inc. 
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9. Water – West View Water Authority 
 
The following utilities were positively located: 
 
1. Liquid Petroleum Gas – Buckeye Partners 
2. Electric – Duquesne Light Company 
 

It has been determined that none of the utilities that reported conflicts will require relocation 
or modification due to batch plant construction or operation at either the primary or secondary 
batch plant locations. 

 
 

6.7 ACCESS ROADS, PARKING LOTS, FENCING AND SIGNING 
 
 
6.7.1 Permanent Access Roads 
 

All access to the project facility will occur on existing roadways.  The project will not require 
construction of new permanent access roads.  Upon completion of construction, the existing 
access road will be resurfaced due to wear and tear that will occur from construction vehicles.   
 
6.7.2 Temporary Service Roads 
 

The project will require construction of temporary service roads to provide access to the 
batch plant.  The service road will consist of a heavy duty asphalt pavement structure and will 
ideally consist of 12 inches of sub-base, 8 inches of base course, and 4 inches of wearing surface.  
The road will be wide enough to safely convey two-way construction traffic.  At locations where 
the road may bridge utilities a one-inch thick steel plate will be laid under the base course to 
transfer and disperse load around the utility location.   

 
6.7.3 Temporary Lock and Dam Service Bridge Access 

 
Lock and Dam Operators require access to the lock and dam features in order to continually 

operate the facilities during construction of the new lock chambers.  Because the first lock 
chamber is constructed riverward of the existing locks, the existing methods of access from the 
lock to the dam will be interrupted.  Depending on the specific option, there will come a time 
during construction that direct access to the service bridge of the dam from the lock side of the 
facility will be eliminated.  Currently the dam service bridge can be access via a stairwell within 
the existing river wall dam pier.  Once the existing river wall is demolished, this access will be 
eliminated.  In phase 3 of the anticipated construction sequence shown on Plate E-13B, new 
cofferdams, upstream river chamber and temporary dam, will be constructed prior to the 
demolition of the existing river wall.  These cofferdam cells can be utilized to gain access to dam 
pier 3.  A temporary staircase will be constructed on the top surface of the cofferdam cell 
adjacent to the upstream face of dam pier 3 to provide pedestrian access to the bridge of the dam 
until the new river chamber is placed in service. 
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As stated earlier in phase 3 of the construction sequence, access to the existing river wall 

from the existing middle wall will be eliminated.  Additionally, at this point in the anticipated 
construction sequence, there is no access from the existing middle wall to the new middle wall.  
A temporary work platform will be placed between the existing middle wall and new middle 
wall so pedestrian access is maintained to the new river chamber walls, cofferdams, and dam. 

 
Prior to demolition of the existing middle wall for the dual new chamber options, upstream 

and downstream land chamber cofferdams are constructed.  These cofferdam cells will provide 
access from the existing land wall to the new river chamber walls which will ultimately provide 
access to the dam bridge during the construction of the new land lock chamber.       

 
6.7.4 Parking Lots 

 
Parking for project administration, construction personnel, and visitors to the project will be 

located offsite near the facility.  Batch plant operation personnel will have a parking lot at the 
batch plant location.  Shuttling personnel from the batch plant parking lot to the project location 
will be an option when offsite parking is unavailable.  The batch plant parking lot pavement 
structure will be considered heavy duty and will ideally consist of 12-inch sub-base, 8-inch base 
course, and 4-inch wearing surface.  It should be noted that at certain times, the parking areas at 
the batch plant facility will be utilized as a lay-down and staging area. 
 
6.7.5 Fencing  

 
New and/or relocated fencing and signing will be required to secure the newly created 

restricted areas, as well as protect the public from hazardous conditions.  Existing fencing will be 
used for security at the Lock and Dam facility. 

 
Temporary fencing will be required to limit access to any unprotected work areas, the batch 

plant, and possibly as protection at the top of deep cuts and excavations. 
 
Fencing will be designed in accordance with FM 3-19.30 and AR 190-13, which references 

USACE Drawing Code STD 872-90-00, specifically 872-90-03 and 872-90-08. 
 
6.7.6 Signing 
 

Signs will be provided where needed to regulate traffic (vehicular or pedestrian), warn of 
hazardous conditions, establish restrictions as well as restricted areas, and to direct and inform 
the public.  All project signs shall be constructed, placed and installed in accordance with EP 
310-1-6a, the “Sign Standards Manual”.  Informational signs and bulletin boards will be 
provided in public use and observation areas containing project maps, emergency numbers, Title 
36 rules and regulations, safety tips and general information on the history, purpose and 
operation of the facility. 
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7. HYDRAULIC DESIGN 
 
 
7.1 GENERAL  
 

The main factors that govern the preliminary hydraulic design of a navigation lock are the 
upper and lower pool elevations. 
 

The design tow draft for the upper Ohio River is nine feet.  EM 1110-2-1604, Hydraulic 
Design of Navigation Locks, requires that the miter gate sill elevations be set at a depth 
sufficient to allow the water displaced by the tow to be pushed out under the barges as they enter 
the lock chamber.  A sill depth – tow draft multiplier of 1.5 (minimum for safety reasons) 
provides 13.5’ of depth over the sills from the normal pools.  The normal upper and lower pools 
are 710.0 and 692.0 FT NGVD 29, respectively; this results in maximum upper and lower miter 
sill elevations of 696.5 and 678.5 FT NGVD 29, respectively.  In order to provide 
interchangeability, the lower miter gates were made the same height for each of the three 
facilities (Emsworth, Dashields and Montgomery), changing the lower miter sill elevation to 
670.3 FT NGVD 29.  The maximum lock floor elevation cannot exceed the lower sill elevation. 
 
 
7.2 COMPONENTS 
 
7.2.1 River Chamber Filling and Emptying System 
 

This feature is included as part of the Recommended Plan.  The proposed replacement river 
chamber will have an in chamber longitudinal culvert system similar to the proposed filling and 
emptying system at Charleroi Locks and Dam, Monongahela River.  This type of filling and 
emptying system has been extensively modeled, both numerically and physically.  The chamber 
will have a useable length of 600’, 800’ or 1200’. 
 

The volume of water in the lock chamber is determined by its pintle to pintle length (690, 
900 or 1290’), clear width (110’-1”) and the difference between upper and lower pools (18.0’).  
This volume of water must be moved by the filling and emptying culverts. EM 1110-2-1604, 
Hydraulic Design of Navigation Locks, recommends that the lock chamber be filled in about 
eight minutes.  The 600’ lock chamber option will use one 17’ square in-chamber longitudinal 
filling and emptying culvert; the 800’ and 1200’ chamber options will use two culverts.  The 
single culvert is located on the longitudinal centerline of the lock chamber; the two culverts are 
located on the transverse quarter points of the lock chamber. 
 

Another requirement of the filling and emptying system is that it not cause turbulent 
conditions in the lock chamber.  Turbulent conditions in the lock chamber, from uneven or too 
rapid filling, can cause the wire ropes (“hawsers”) connecting the barges in the tow to break.  
EM 1110-2-1604, Hydraulic Design of Navigation Locks, gives criteria relating filling times, an 
average maximum allowable hawser force of 5 tons and the elevation of the filling/emptying 
ports in the chamber.  Emsworth, with a lift of 18.0’ and minimum fill time of 8 minutes, 
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requires that the top of the ports in the chamber be submerged  a minimum of 21.5’ below the 
normal lower pool or at a maximum elevation of 670.5 FT NGVD 29. 
  

Standard filling/emptying port sizes are 3.5’ high and 1.25’ wide.  This 3.5’ port height fixes 
the bottom of the port at 667.0 FT NGVD 29, the lock chamber floor was lowered an additional 
2’ to 665.0 FT NGVD 29 to allow for sediment and debris accumulation.  The top of the port is 
also the top of the filling/emptying culvert; a culvert height of 17’ fixes the culvert floor at 653.5 
FT NGVD 29. 
 

The number of ports recommended for the filling and emptying culvert system depends on 
the culvert area.  To ensure that the flow control is at the ports, their total area should be less 
than the area of the culvert; EM 1110-2-1604, Hydraulic Design of Navigation Locks, gives a 
range from 0.95 to 0.97, a port to culvert ratio of 0.96 is used.  The 600’ lock chamber option 
will require 64 ports, 32 on each side of the in chamber longitudinal culvert; the 800’ and 1200’ 
chamber options will require 64 ports, 16 on each side of the two culverts.  In order to reduce 
turbulence in the lock chamber the filling/emptying ports should be centered in the middle 50% 
of the chamber. 
 

A through the miter gate sill inlet system will be used.  Four inlets in the face of the sill will 
combine into two valve culverts which then combine into the filling culvert.  The intakes are 10’ 
high and 7’ wide; the valve culverts are 10’ high and 14’ wide.  Like the filling culverts, the total 
areas of the valve culverts and intakes are greater than that of the filling/emptying ports, so that 
the flow control remains at the ports.  The inverts of the intakes, valve culverts and 
filling/emptying culverts are all the same - 653.5 FT NGVD 29. 
 

Four vertical lift gates 10’ high and 14’ wide will control the filling of the chamber.  They 
will be located in the valve culverts in the upper miter gate sill. 
 

Emptying the chamber will be controlled by emptying valve(s) located in the river wall 
upstream of the lower miter gates.  These valve(s) – one for the 600’ chamber and two for the 
800’ or 1200’ lock chambers - will be 17’ square vertical slide valves. 
 

The river chamber will empty through the river wall into the area downstream of the dam 
with an emptying basin as shown on Plate E-5A. 
 
7.2.2 Land Chamber Filling and Emptying System 
 

This feature is not included as part of the Recommended Plan.  The proposed replacement for 
the land chamber will be adapted from the Pike Island land chamber - a 600’ useable length 
(690’ pintle to pintle length) chamber with a single 15.5’ square filling and emptying culvert in 
the land wall and a bottom lateral port system. 

 
The upper and lower miter gate sills and the lock chamber floor are at the same elevation as 

for the proposed river chamber – 696.5, 670.3 and 665.0 FT NGVD 29, respectively.  The filling 
and emptying culvert invert will be at 669.0 FT NGVD 29 within the lock chamber. 
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There will be six laterals extending across the bottom of the lock chamber from the land wall 
to the middle wall.  Each bottom lateral will have 18 filling and emptying ports, half on each side 
of the lateral.  The ports are 2’-4” high and 2’ wide at the face of the bottom lateral. 

 
The filling intakes are located in the land wall upstream of the upper miter gates.  There are 8 

intakes, all as tall as the filling culvert.  The top of the intakes are at 699.7 FT NGVD 29. 
 
The flow in the culvert will be controlled by filling and emptying valves located in the land 

wall.  These valves will be 15.5’ square vertical slide valves. 
 
The land chamber will empty into its lower approach downstream of the lower miter gates 

through a diffuser as at Pike Island. 
 
 

7.3 LOSS AND RECOVERY OF HYDRAULIC CAPACITY 
 

This feature is included as part of the Recommended Plan.  The proposed river lock will be 
built in dam gate 1 with the new river wall almost in line with pier 2.  A replacement gate is not 
proposed landward of main channel gate 8 or back channel gate 9 because of the potential of 
contaminated soil on Neville Island.  A replacement gate is also not proposed landward of main 
channel gate 8 or back channel gate 14 because of the bulkhead storage areas located there. 

 
Since there will not be a replacement gate, Emsworth will have to function with only thirteen 

of the original fourteen gates, a 7% loss of capacity.  Rather than a structural (new gate or lower 
gate sills) solution, a gate operation change must be made. 

 
The following assumptions were made: 
 

1. Gate 1 is replaced by the new river lock. 
2. Gates 2 and 3 will be operated like gates 1 and 2 are now, opened last and least to 

reduce the amount of outdraft that may be created in the upper approach.  This 
assumption is made without the benefit of navigation model studies; such studies may 
later confirm or disprove this assumption. 

3. Loss of gate 1 and late operation of gates 2 and 3 will require that the remaining gates 
will be opened more and sooner to make up the differences. 

4. The back channel gates will be opened to 2.5’ and 5’ before the main channel gates.  
This will put more flow in the back channel and should reduce outdraft conditions in 
the upper lock approach. 

5. The current fourteen gate schedule will be the basis for comparison.  The goal will be 
to match the current and proposed upper pool (main and back channel) rating curves 
and the total feet open.  The flow distribution between the main and back channel will 
change for a range of flows since the back channel gates will be opened first to 2.5’ 
and 5’. 

6. The proposed gate schedule will keep the main channel upper pool the same as the 
current schedule.  New gate settings will be made to accomplish this.  Since the back 
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channel upper pool is calculated from the main channel upper pool it should not 
change. 

7. There should be no change between the current lower gage rating curve and the 
computed values. 

 
Using these assumptions it is possible to calculate a proposed thirteen gate schedule that 

produces approximately equal conditions as the current fourteen gate schedule.  Gates 2 and 3 
are opened last and the least but, due to the overall loss of capacity, had to be opened before 
Gates 1 and 2 would have been on the current fourteen gate schedule.  Fine tuning the design of 
the upper approach and guard wall in the physical navigation model may lead to improvement of 
the outdraft conditions and a relaxing of this assumption.  All gates (2-8, 9-14) were opened 
sooner than on the current schedule to make up for the overall loss of capacity.  A very good 
match was obtained with the current schedule with the computed flow within 1 or 2% of the 
current flow for the same upper pool elevation; the total feet open is similarly close. 

 
Since the proposed thirteen gate schedule produces approximately equal conditions in the 

Emsworth upper pool, approximately equal conditions should be attained upstream at the Point.  
This was confirmed with an “Emsworth to the Point” HEC-2 backwater model which produced 
elevations within 0.2’ of the current gate schedule. 

 
Review of the gage data for the last five years shows that the current gate schedule - with 

rocking the pool at Emsworth to maintain the pool at the Point for as long as possible - has been 
very successful.  The elevations recorded at the Point have typically been lower (up to about a 
half a foot) than expected with a higher than expected Emsworth upper pool for the Ohio River 
flow and Emsworth gate settings.  This is probably due to conservative operation by the dam 
operators at Emsworth, anticipating pool increases at the Point and opening gates at Emsworth to 
counter them.  Similar results should be obtained in the future with the proposed thirteen gate 
schedule. 
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8. STRUCTURAL DESIGN  
 
 
8.1 LOCATION AND SITE RESTRICTIONS 
 

For all of the large scale navigation lock modernization options, the new lock chambers are 
located on the same side of the river as the existing lock chambers.  The new lock would be 
constructed within the existing footprint of the existing site with the first new chamber built 
riverward of the existing land chamber.   

 
Other types of construction techniques than the technique presented that may include Lift-In, 

Float-In and In-The-Wet that have been successfully implemented at other various USACE lock 
and dam facilities will be considered in future design documents after completion of the 
feasibility level study. 
 
 
8.2 TYPE AND CONFIGURATION OF LOCK CHAMBER WALLS 
 

The new lock chamber wall monoliths proposed for the lock modernization options assumed 
for the feasibility level design to use a combination of different construction techniques.  Also 
the new river chamber uses a through the sill filling and emptying system, similar to what is 
planned for the new lock chambers at Charleroi Locks located on the Monongahela River.  The 
new lock chambers at Charleroi are the prototype for this innovative filling and emptying system 
proposed for the river chamber.  The new land chamber used a traditional design and 
construction method as the lock is built in the dry and uses conventional reverse tainter valves 
for the filling and emptying system located in the land wall.   

 
Preliminary design computations for the lock walls were developed using this methodology 

and the design is tailored specifically for the Emsworth Locks and Dam site.  All of the new lock 
design features are independent structures and do not rely on any permanent support from the 
existing deteriorated lock walls for the entire service life of the new lock chambers.   
 
8.2.1 New River and Middle Wall Monoliths 
 

This feature is included as part of the Recommended Plan.  As shown in plates illustrating 
the single and double lock chamber options in plan view (Plates E-2A through E-7A), the first 
new chamber constructed will always be the new river chamber.  The new river chambers vary 
in length depending on the lock modernization option and could be 600-ft long (Plates E-2A and 
E-5A), 800-ft long (Plates E-3A and E-6A) or 1,200-ft long (Plates E-4A and E-7A).  After the 
new chamber is completed the new river chamber would become the new main lock chamber at 
the facility.  Plate E-10A shows the lock longitudinal section for the river chamber and Plates E-
11A through E-11E show the lock cross sections.   

 
As described previously the river chamber uses a filling and emptying system using the 

through the sill system.  The water intakes are placed within the upper miter sill with the valves 



UPPER OHIO NAVIGATION STUDY                 Engineering Appendix  
  

 
 
 

 
EMSWORTH SITE APPENDIX                            Page 8-2 

and controls located within the miter sill.  The water intakes supply water to the lock chamber in 
two culverts located within the chamber floor for the 1,200-ft and 800-ft chamber options or one 
culvert located within the chamber floor for the 600-ft chamber option.  The lock chamber would 
be filled and emptied by side ports located on both sides walls at the top of the culverts.  The top 
surface of the culverts are placed a minimum of 1.5 times the authorized draft (9 feet for the 
Ohio River) or 13.5 feet below the normal lower pool levels for hydraulic reasons.  The 
emptying valves are located within the river wall to prevent the culverts from being located 
within the lower miter sill, which would probably require the culverts to dip lower in elevations 
to ensure the culverts do not interfere with the function and sealing surface of the lower miter 
gates and sill.  The valves planned for this system are vertical slide valves.  In order to dissipate 
energy and prevent erosion of the rock during emptying operations of the chamber, an emptying 
basin is located at the culvert outlets along the lower end of the river wall.  This filling and 
emptying system was chosen from Charleroi Locks.  This system has been extensively 
evaluated, designed and physical hydraulic model tested during the final design at Charleroi 
Locks.   

 
The lock walls are built within cofferboxes where a limited area of the river is temporarily 

dewatered in order to construct the majority of the concrete lock walls and the lock wall 
appurtenances embedded within the concrete walls.  A conceptual illustration and construction 
sequence within the cofferbox is shown in Plate A-1H.  This type of construction is currently 
being utilized at Charleroi Locks, see Figures 8.2-A and 8.2-B.   

 
 

 
FIGURE 8.2-A – Downstream Cofferbox (Charleroi River Wall) 
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FIGURE 8.2-B – Inside Downstream Cofferbox Dewatered (Charleroi River Wall) 

 
The new middle and river walls for the new river chamber are designed using a drilled shaft 

foundation with the perimeter of the lock walls surrounded by steel sheet piles and king piles 
(cofferbox).  The cofferbox is driven to rock with steel bracing supporting the two sides of the 
cofferbox.  The bottom of the cofferbox would be filled with tremie concrete to provide a seal 
from the water seeping around the bottom of the sheet piles producing uplift pressure in order to 
dewater the cofferbox for the in-the-dry concrete placements.   

 
The drilled shaft foundation features are used for several reasons for the lock walls.  First at 

various locations a coal seam is present within the rock strata in the region of the proposed 
founding level of the lock walls, which ultimately affects the design of lock walls if foundation 
drilled shafts are not used.  In order to obtain a satisfactory foundation level, significantly large 
quantities of rock and coal excavation would be required to install a gravity lock wall.  This 
excavation would have to be performed using underwater excavation prior to the construction of 
the cofferboxes and the lock walls.  This excavation can be eliminated by using drilled shafts, 
which provide a bridging element that transfers the lock wall loads across the weak coal seams 
within the rock foundation.   

 
Second, the rock levels vary greatly at the Emsworth site.  As shown on the lock cross 

section drawings (Plates E-11A through E-11E) a large amount of rock excavation is necessary 
in order to construct the new filling and emptying culverts within the chamber floor at their 
required levels.  This excavation would be performed in-the-dry condition with various methods 
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may be used such as line drilling or ripping using excavators.  At some locations the amount of 
rock excavation within the chamber floor exceeds 14 feet below the bottom of the concrete lock 
walls.  This excavation within the chamber floor would be performed within the dry river 
chamber cofferdam bounded by the new middle and river walls using tradition excavation 
methods.  The preliminary design of the lock walls and drilled shafts neglected the rock strength 
springs on the drilled shafts for the portion of the wall above the rock excavation level required 
in order to install the filling and emptying culverts.   

 
Third, the drilled shafts provide the necessary uplift pressure resistance and support to the 

tremie concrete seal to allow the interior area within the cofferbox to be pumped free of water 
allowing the lock walls above the tremie seal to be constructed in the dry using conventional 
cast-in-place concrete methods.  For these reasons drilled shafts foundation elements were 
considered essential for the designs of the middle and river walls. 
 
8.2.2 New Land Wall Monoliths 
 

This feature is not included as part of the Recommended Plan.  The design presented for the 
new land lock wall and the new land chamber are based on using a conventional construction 
methodology in which the new chamber would be built in the dry using cofferdam closures at the 
two extreme ends of the lock chambers.  The new middle wall was specifically designed for the 
temporary construction condition.  The existing lock land wall would be temporarily stabilized to 
allow using this wall as a cofferdam wall for the new land wall.  The stabilization design is 
described in a later section of the report. 
 

As shown in plates illustrating the double lock chamber options in plan view (Plates E-2A 
through E-4A) the second new chamber would be the new land chamber.  Since the new land 
chamber would become the new auxiliary chamber, one chamber length is considered, which is 
600-ft long.  Plate E-9A shows the lock longitudinal section for the land chamber and Plates E-
11A through E-11E show the lock cross sections.   

 
The land chamber uses a conventional filling and emptying system.  This system is a floor 

lateral system which is connected with the land wall for filling and emptying of the chamber.  
The water intakes are placed within the land wall upstream of the upper miter sill with the valves 
and controls located within the land wall downstream of the upper miter gate.  The water intakes 
supply water to the lock chamber in one culvert located within the land wall.  The lock chamber 
would be filled and emptied by side ports located within each floor lateral.  The floor laterals are 
located within the center portion of the lock chamber.  The top surface of the laterals are placed a 
minimum of 1.5 times the authorized draft (9 feet for the Ohio River) or 13.5 feet below the 
normal lower pool levels for hydraulic reasons.  The emptying valves are located within the land 
wall upstream of the lower miter gate.  The culvert is emptied into a chamber discharge 
emptying system located with the lower approach of the land chamber.  The filling and emptying 
system was modeled from an existing system located at Pike Island Locks and Dam on the Ohio 
River, which is used within the auxiliary chamber (110’x600’) chamber.  Figure 8.2-C shows the 
floor filling and emptying laterals during the dewatering of the auxiliary chamber in 2009.  See 
Plates A-5A and A-5B for details of the land chamber filling and emptying system   
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FIGURE 8.2-C – Floor Lateral System Looking Downstream from Upper Approach 

(Pike Island Locks and Dam) 
The new land wall for the new land chamber as shown on the Plates is designed on a 

prepared rock foundation.  This rock excavation and surface preparation is planned to be done 
within a large dry cofferdam using conventional construction equipment and practices.  The new 
land wall has two founding levels because of a coal seam which is present within the rock strata 
in the region of the proposed founding level of the lock walls.  The wall was designed to be 
excavated to the bottom of the coal seam level if the proposed founding level was within 5 feet 
of the coal seam.  If the proposed bottom level allowed at least 5 feet of intact rock over the coal 
seam, the seam was left in place.   
 
 
8.3 TYPE AND CONFIGURATION OF FIXED APPROACH WALLS 
 

The guard walls are included as part of the Recommended Plan, but the guide walls are not 
included as part of the Recommended Plan.  The approach walls must provide a rubbing surface 
and mooring surface for navigation vessels.  The approach walls are divided into two distinct 
locations.  The guide walls are located upstream and downstream of the land wall.  The guard 
walls are located upstream and downstream of the river wall.   

 
Based on the existing locks and dam navigation is suspended when the upper pool reaches El. 

716.2, which results approximately in an upper pool variation of 6.2 feet above normal upper 
pool of El. 710.  Navigation is suspended when the lower pool reaches El. 710, which results 
approximately in a lower pool variation of 18 feet above normal lower pool of El. 692. 
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The upper guard wall and the upper and lower guide walls are post-tensioned hollow 

concrete box beams.  Two overall box beam sizes are used depending on the particular location.  
The two sizes are 8 feet high by 10 feet wide and 10 feet high by 10 feet wide.  The beams are 
supported on concrete filled sheet piles cells 49.1-ft in diameter approximately 110-ft on center.  
A cast in place concrete thrust block is constructed on the cell to support box beams from lateral 
loads from barge impacts, debris loads on the skirt panels and barge checking loads.  Plates A-
1C and A-1D show the detailed arrangement and sectional views for the fixed approach walls.  A 
double stack of the box beams 8-ft high by 10-ft wide are needed for the upper guard and upper 
guide walls, with a triple stack of box beams needed for the lower guide walls.  For the upper 
guard wall flow skirt panels are shown to limit the cross current velocities attached to the river 
face of the box beams.  These flow skirts extend below the box beam levels toward the 
foundation.  The upper and lower guide walls do not require flow skirts for cross current 
considerations.  The skirt panels are constructed of pre-tensioned concrete panels.   

 
These types of box beam walls have been used satisfactory at London Locks, Marmet Locks 

and Winfield Locks on the Kanawha River.   
 

 
8.4 TYPE AND CONFIGURATION OF FLOATING APPROACH WALLS 
 

As previously discussed the lower pool can vary approximately 18 feet before navigation is 
suspended.   This feature is included as part of the Recommended Plan.   
 

A floating concrete box structure (pontoon) with intermediate transverse bulkheads is 
fabricated at a dry-dock facility and floated to the project site. The pontoon has a width of 42 
feet and an overall depth, including the parapet, of 17 feet.  The pontoon has a draft of 11 feet 
and will be able to rise and fall with the downstream pool.  The pontoon consists of multiple 
longitudinal sections bolted and post-tensioned together.  This provides the compression required 
to keep the pontoon water tight.  The pontoon will be designed such that it provides a minimum 
of 2.5 feet of impact surface below the waterline and 7 feet above the waterline.  Drilled caisson 
supported pylon structures will be installed at the downstream and lock wall ends of the pontoon.  
The downstream nose pier and the lock pylon will act as both guides and support structures to 
maintain alignment.  The pontoon is locked in position with removable guide keys so that it can 
be removed for maintenance purposes.  The nose cell also protects the downstream end of the 
pontoon from direct barge impact.   

 
The detailed design performed at Charleroi Locks, the overall length of the pontoon is 520 

feet, which is satisfactory to be used for the 600-foot lock chamber.  Also a design comparison 
was made between the Charleroi floating approach wall and the detailed design of the pontoon 
with the floating pontoon at Olmsted Locks and Dam, which is for a 1200-foot lock chamber.  
The two designs are very similar.  Appropriate adjustments within the quantities have been 
performed to adequately account for the differences in wall lengths.  Plates A-1C and A-1D and 
Plates A-1F and A-1G show the detailed arrangements sectional views for the floating approach 
walls.   
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8.5 LOCK MITER GATES 
 

This feature is included as part of the Recommended Plan.  For the new lock chambers new 
miter gates are needed.  The new gates will be different than the gates for the existing main 
chamber currently in use.  The existing 110-ft miter gates at Emsworth use vertically framed 
miter gates.  The new lock gates will use horizontally framed miter gates, which is based on the 
current lock gate design manual requirements.  Due to the greater rigidity, member redundancy 
and resistance to boat impact of the horizontally framed gate and the insignificant difference in 
cost, the vertically framed gate will no longer be used for new lock designs except for unusual 
applications and upon special approval for future use.  The design for the upper and lower miter 
gates are shown on Plates A-6A through A-6C. 

 
Miter gates fit into 7-foot recesses in the wall in the open position. The bottom of the recess 

extends below the gate bottom to preclude operating difficulties from silt and debris collection. 
Enlarged recesses are used to facilitate the removal of accumulated ice.   

 
The design of the miter gates are based on the miter gate replacements currently being 

fabricated for the Pike Island Locks and Dam.  The newly designed miter gates are horizontally 
framed miter gates used for the 110-ft lock.  The miter gates were fully designed in 2008 to the 
latest and most current design manuals for hydraulic steel structures.  Based on normal pool 
levels the typical lift at Pike Island is 21 feet which is 3 feet more than the typical lift at 
Emsworth Locks and Dams.  Therefore, the miter gate design from Pike Island gate replacement 
is used as a preliminary feasibility level design for the lock chambers.  Identical gate heights for 
the lower gates at Pike Island will be used at Emsworth Locks which will set the miter gate sill 
elevations.  The resulting sill elevation is below the minimum clearance from navigating vessels.  
The upper gates height will be slightly shorter than the gates height used for the Pike Island 
miter gate replacement to allow for sufficient room for the through the sill filling system.  The 
gate embedded parts and pintles will be installed within the temporary chamber cofferdams.  
After the embedded parts have been installed and concrete placements have been completed, 
each gate leaf will be installed and aligned in the dry.  To allow the interchangeable gates 
between the two new chambers, identical gate heights will be used in both new chambers.  This 
results in identical miter sill elevations. 

 
The miter gates will be constructed using structural steel meeting ASTM A992 Grade 50 or 

ASTM A709 Grade 50.  Each miter gate will include a walkway located on the top of the gate 
even with the top of the lock walls.  The estimated weight of each upper gate leaf is 250,000 lbs.  
The estimated weight of each lower gate leaf is 400,000 lbs. 
 
8.6 FILLING AND EMPTYING SYSTEM & CULVERT VALVES 
 
8.6.1 River Chamber 

 
This feature is included as part of the Recommended Plan.  The new river chamber culvert 

valves are contained within the upper miter sill with the through the sill filling system.  The 
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valve and operating equipment are described in detail within Mechanical Design section of the 
report.  The culvert within the chamber floor is 17 feet high by 17 feet wide.  The preliminary 
design of the filling valves for the through the sill filling valve is 10 feet high by 14 feet wide.   

 
8.6.2 Land Chamber  
 

This feature is not included as part of the Recommended Plan.  Traditional reverse tainter 
gate valves were chosen for the valves in the new fill/empty system culverts.  For preliminary 
design purposes since the filling and emptying system was modeled from Pike Island Locks and 
Dam the existing valve design is used. The existing culvert valve dimensions were used from the 
auxiliary chamber that is the 110’x 600’ chamber.  The reverse tainter valve design was taken 
from the Pike Island Locks and Dam.  Based on normal pool levels the typical lift at Pike Island 
is 21 feet which is 3 feet more than the typical lift at Emsworth Locks and Dams.  Therefore the 
reverse tainter gate design from Pike Island is used as a preliminary feasibility level design for 
the new land chamber.  In addition the culvert valve bulkhead design from Pike Island is used for 
the preliminary feasibility level design for the new land chamber.  The valves and culvert 
bulkheads will be constructed using structural steel meeting ASTM A992 Grade 50 or ASTM 
A709 Grade 50. 

 
The culvert within the land wall is 15.5 feet high by 15.5 feet wide identical to the Pike 

Island Lock.  The chamber is filled and emptied using lock floor laterals using the water supplied 
by the culvert within the land wall.  The chamber is emptied using a reinforced concrete outlet 
diffuser structure located within the lower lock approach channel.  See Plates A-5A and A-5B 
for details of the land chamber filling and emptying system   

 
 
8.7 LOCK MAINTENANCE BULKHEADS 
 

This feature is included as part of the Recommended Plan.  For the future maintenance new 
lock dewatering bulkheads are needed to provide closures at the ends of the new lock chambers.  
The existing 110-ft wide lock chamber at Emsworth currently does not have lock maintenance 
bulkheads.  As described within the General Engineering Reference Data Appendix, the existing 
maintenance closures for dewatering the lock chambers consist of a poiree dam (downstream), a 
boule dam (upstream). Neither system is considered a satisfactory closure for new and modern 
lock chambers.  Therefore, the new lock bulkheads are required in order to perform future 
maintenance on the new lock chambers.   

 
The lock chamber bulkheads are a truss type bulkhead designed for hydrostatic loading only.  

The bulkheads are not designed to be installed in any moving water conditions.  The bulkhead 
design is presented on Plates A-7A and A-7B.  The design of the bulkheads are based on the 
Braddock Dam maintenance bulkheads which are used on both the 110-ft lock and within the 
110-ft gate bays of the gated dam.  The bulkheads were fully designed in 1998 to the latest and 
most current design manuals for hydraulic steel structures.  The design is applicable for use 
within the feasibility level design report.  Each bulkhead unit is 6 feet high and designed using 
structural steel meeting ASTM A992 Grade 50 or ASTM A709 Grade 50.  The bulkheads were 
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designed for a maximum 30-foot hydrostatic head allowing a maximum of five bulkhead units to 
be stacked on top of each other.  Based on maintenance sill elevations shown on the longitudinal 
lock sections shown on Plates E-9A and E-10A, the maintenance closures at Emsworth would 
require four bulkhead units on the upstream and four bulkhead units on the downstream end.  
Bulkhead slots within the lock walls are anticipated and are located upstream of the lock filling 
intakes (above the upper miter gates) and downstream of the lock emptying discharge structure 
(below the lower miter gates).  The estimated weight of each bulkhead unit is 82,000 lbs.   
 
 
8.8 LOCK WALL ACCESSORIES 
 

This feature is included as part of the Recommended Plan.  Lock wall accessories will consist 
of floating mooring bits, line hooks, check posts, wall armor, ring bolts, mooring rings, ladders, 
gages and pedestrian railing.  The floating mooring bits will have detachable floating tanks and 
will be interchangeable with other bits at the existing site and other sites on the Ohio River.  
Standard line hooks, check posts, pedestrian railing and recessed ladders will be provided along 
the length of the approach walls and lock walls.  In order to provide for easier maintenance and 
replacement, the pedestrian railing may be removable. Standard wall armor will also be provided 
along the inside face of the walls to protect this concrete face from barge tows which scrape and 
rub up against it.  The standard armor consists of horizontal rows of steel tee sections along the 
face and preformed steel plates and corner cap castings at all exposed edges and corners.  In 
order to monitor lower pool elevation, one new recessed steel staff gage will be provided. 
 
 
8.9 MODIFICATION OF EXISTING DAM AND DAM GATES 
 

These features are included as part of the Recommended Plan.   
 
8.9.1 Elimination of the Dam Gate #1, Pier #1 and Fixed Crest Weir 
 

The alignments of any of the lock modernization options cause the footprint of the lock 
chambers to extend into the footprint of the gated dam.  Therefore a new connection to the dam 
with the new river wall is required.  The existing gated dam is constructed upon steel bearing 
piles that extend to rock.  In order to accommodate the new lock chamber, a portion of the 
existing dam structure must be removed.  The removed portions of the existing dam include a 
fixed crest weir section, Pier #1, Gate #1 and a portion of Gate Bay #1.  This new connection of 
the new lock to the dam is critical to ensure a reliable and watertight connection.  Therefore this 
new connection will be performed inside a localized cofferdam and the work conducted in a dry 
condition to allow the flexibility to adjust to potential differing conditions and construction 
tolerances.  Plate E-13B illustrates the orientation and configuration of the localized cofferdam.   

 
A sheet pile cofferdam is designed to resist the water pressures and would connect the new 

upstream river wall to the existing dam at Pier #3 and connect to the new downstream river wall.  
This cofferdam would encircle the new river wall and dam interface to allow this connection to 
be built in-the-dry.  The stability of the dam pier was evaluated during this temporary 
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construction condition with the cofferdam connection, and concluded to meet the current 
stability criteria for overturning, sliding and within the steel bearing pile capacity as published 
on the original design capacity drawings.  The cofferdam connection could have connected to 
Pier #2, but was connected to Pier #3 instead.  The dam piers and gate sills are constructed on 
steel bearing piles with only an upstream sheet pile cutoff wall, the cofferdam connection to the 
dam was extended further away from the new lock to ensure the demolition and excavation work 
would not adversely impact the integrity and stability of the dam structure.  As a result one 
vertical lift gate, Gate #2, needs to be temporarily removed to accommodate the cofferdam 
connection.  To prevent water seeping under the cofferdam into the work area and potentially 
degrading the existing dam foundation, the area under the Pier #3 and Gate Bay #2 would be jet 
grouted around the steel bearing piles.  This grouting would be performed from the downstream 
dam apron and gate bay sill which is dry under typical lower pool.  During grouting under the 
dam the existing upstream dam emergency bulkheads and existing downstream flow diverter 
bulkhead (parallel to the river flow) would prevent water discharges through the dam from 
impacting the apron of the dam near the lock structures.   

 
A preliminary cofferdam design was performed for the Emsworth site conditions.  The 

preliminary design resulted in two different cell diameters because of the differing geology 
conditions upstream and downstream of the dam.  The upstream cell diameter was calculated to 
be 47-foot diameter using 30 degree wye cofferdam cells without any inboard berm material.  
Figure 8.9-A shows the upstream cofferdam configuration. 

 
FIGURE 8.9-A – Upstream Cofferdam Cell Configuration 
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The downstream cell diameter was calculated to be 65.81-foot diameter using 30 degree wye 

cofferdam cells without any inboard berm material.  The temporary cofferdams would be 
constructed using granular fill material to facilitate their subsequent removal.  Figure 8.9-B 
shows the downstream cofferdam configuration. 

 

 
FIGURE 8.9-B – Downstream Cofferdam Cell Configuration 

 
8.9.2 Concrete Filler Wall 
 

This feature is included as part of the Recommended Plan.  For any of the options, the 
existing Gate #1 would be permanently removed and a concrete filler wall would be constructed 
between Pier #2 and the new river wall.  The permanent elimination of Gate #1 from the site can 
be accommodated without any additional measures for river flow capacity through the dam 
during high water events.  This is described in the Hydraulics Section of the Feasibility Report.  
The concrete filler wall would be constructed within the dam connection cofferdam.  The 
concrete filler wall will extend from Pier #2 to the new river wall with the same top elevation as 
the top of the new lock wall, El 718.3.   
 
 



UPPER OHIO NAVIGATION STUDY                 Engineering Appendix  
 

 
 
 

 
EMSWORTH SITE APPENDIX                            Page 8-12 

8.10 MODIFICATION OF EXISTING LOCK FEATURES  
 

These features are included as part of the Recommended Plan.   
 
8.10.1 Filling and Emptying System for the Existing Land Lock during 

Construction 
 

During the early project phases, which include construction of the middle and river wall, the 
existing land chamber must be kept in operation.  The filling ports for the chamber are located on 
the existing upstream end of the middle wall.  For this reason, clearance between the new and 
existing middle walls must be maintained to allow for flow to these ports.  The closure between 
the new and old middle walls must also be located downstream of these ports.   
 

The emptying system for the existing land chamber currently also goes through the middle 
wall into culverts beneath the existing river chamber, which exit to the river.  Two options will 
be used to operate the existing land chamber during construction of the new river chamber.  Both 
options described below are used for the lock modernization options to insure a reliable, 
redundant and provide a resilient system should one system break. 

8.10.1.1 Using the Existing Penstock for Land Lock Emptying 
 

An existing penstock in the land wall will be used to empty the land chamber on a temporary 
basis.  Although the system originally was used to generate power, the system was eliminated 
and a revision was made during the 1980 lock rehabilitation and additional ports were added at 
the downstream end of the chamber in order to use the tunnel as a supplemental filling system.  
Due to many issues, these ports are not used to fill the chamber and are currently out of service.  
During the temporary use of the land chamber, these ports will be used to empty the chamber.  A 
new emptying valve will be installed on the downstream end of the penstock tunnel outlet within 
Lowries Run.  The hydraulic performance of this solution and the suitability of the channel 
downstream of the new emptying valve will need to be evaluated as part of a continuing design 
effort.  The condition of the existing land wall will need to be analyzed before this method could 
be finalized.  A recently completed reliability study suggested that serious cracks is developing 
on the landside of the penstock and was confirmed during the 2009 penstock visual inspection.  
Therefore the penstock tunnel will be lined with shotcrete in order to use this penstock tunnel as 
a temporary emptying system.   
 

Using the penstock to empty the existing land lock will require a means of controlling the 
flow from the penstock into the Lowries Run.  One possible method of providing the flow 
control is the use of a slide gate mounted inside of a steel enclosure, which is installed at the 
downstream end of the existing lock land wall.  This concept is depicted on Plates E-12A and E-
12B.   
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8.10.1.2 Using the Existing Crossover Culverts with a Deflector  
 

Currently, the land lock chamber empties through the middle wall and into a set of concrete 
emptying culverts that pass the water under the river lock chamber, through the river wall, and 
discharge downstream of the dam.  The emptying culverts are located in the construction area for 
the new middle wall.  The second operating method will be to install an emptying culvert 
deflector that will enable the land lock chamber to remain functional during construction of the 
new middle wall.  The emptying culvert deflector will deflect the water passing through the 
emptying culverts upwards and away from the new lock construction and guide the water 
downstream to reduce water turbulence near the new lock construction.  Plate E-12C shows 
details of the deflector and its installation into the crossover culverts. 
 

Prior to installing the emptying culvert deflector, the river chamber and land chamber must 
be dewatered at the same time.  It is also necessary to place a bulkhead on the downstream end 
of the emptying culverts (riverside of the River Wall) to prevent water from entering the river 
chamber once the emptying culverts are demolished.  After the river lock chamber is dewatered, 
the existing concrete emptying culverts will be sawcut so the portion of the culverts located in 
the area of the new middle wall can be removed.  The top slab of the remaining portion of the 
culverts will also be removed.  Once the top slab is removed, two 1-¾ inch diameter vertical 
rock anchors will be installed in each of the five walls of culverts to provide stability of the 
remaining portion of the culverts.  The portion of the culverts located in the area of the new 
middle wall can be demolished at any time after the culverts have been saw cut.   
 
 
8.11 SECTION INTENTIONALLY LEFT BLANK  
 
 
8.12 STABILITY ANALYSES 
 
8.12.1 New Lock Chamber Walls 
 

Two dimensional stability analyses were performed for the new land wall monoliths, the new 
middle wall monoliths and new river wall monoliths.  The land wall monoliths investigated were 
assumed to be the typical monoliths and the miter gate monoliths with the culverts completely 
contained within the lock wall.  The middle wall and river wall monoliths investigated were 
assumed to be typical monoliths and the lower miter gate monoliths.  Allowable bearing 
pressures, overturning stability, and sliding stability were investigated for each monolith.  

 
The stability analyses followed the criteria presented in the Design Criteria in Section 5.3.  

The results of the stability analyses are presented in Table 8.12-A.  For the new monoliths 
overturning stability was satisfied and bearing pressures kept below allowable levels by 
adjusting toe and heel dimensions. 
 

The features and results presented for the new land wall is not included as part of the 
Recommended Plan.  The resulting wall width for the land wall is 49.5 feet at its base, with a top 
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section of 44.5 feet above the chamber floor.  The land wall is designed using a prepared rock 
foundation.  Because of the coal seam within the rock strata, the founding level varies within the 
lock wall length.  Plate E-9A shows the longitudinal section through the land chamber.  Plates E-
11A through E-11E shows the cross sections through the chambers.   
 

TABLE 8.12-A – New Land Wall Stability Analysis Summary 
  Base 

Compression 
Sliding Analysis Bearing Pressure 

Description Classify Actual Req’d Actual 
FS 

Req’d 
FS 

Actual 
ksf 

Allow 
ksf 

Land Wall – Typical Monolith 
Normal Operating Condition – 
Base El 660.0 

Usual 100% 100% 3.07 2.0 9.05 20.0 

Land Wall – Typical Monolith 
Construction Case – Base El 660.0 

Unusual 80.3% 75% 1.94 1.5 12.07 20.0 

Land Wall – Typical Monolith 
Normal Operating Condition – 
Base El 655.0 

Usual 100% 100% 3.13 2.0 9.23 20.0 

Land Wall – Typical Monolith 
Construction Case – Base El 655.0 

Unusual 76.9% 75% 1.78 1.5 13.15 20.0 

Land Wall – Upper Miter Gate 
Monolith Maintenance and 
Construction Case – Base El 660.0 

Unusual 85.9% 75% 1.74 1.5 9.22 20.0 

Land Wall – Lower Miter Gate 
Monolith Maintenance and 
Construction Case – Base El 655.0 

Unusual 79.4% 75% 1.61 1.5 10.4 20.0 

 
 

The features and results presented for the new middle and river walls are included as part of 
the Recommended Plan.  For the new middle and river walls two dimensional plane frame 
models were developed to analyze the monoliths supported on drilled shafts using the structural 
analysis program GT STRUDL.  The models analyzed half of a monolith supported on two 
drilled shafts.  Only transverse loading was considered for the feasibility analysis.  Because the 
lock wall monoliths use a drilled shaft foundation system, the wall is not gravity lock wall.  The 
new middle and river walls are designed using the design criteria listed in Section 5.3.4 for 
drilled shaft wall design criteria.   
 

For the analyses where the culvert is located inside the lock chamber, the monoliths are 
located near a large rock excavation.  For this condition, the rock springs above the culvert invert 
elevation were removed from the model, and the rock was assumed to provide no lateral restraint 
to the shafts in this region.  However, the rock between the drilled shafts stiffens the foundation 
and reduces the monolith deflections.  A diagonal compressive strut was placed between the two 
shafts to model the rock between the drilled shafts.  The strut extends diagonally from the top of 
the exterior shaft to the interior pile at the elevation of the culvert invert. 
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The vertical, lateral, and overturning stability of the middle and river walls is provided by 

four 6’-6” diameter drilled shafts.  The drilled shafts enable the lock walls to be a constant 34 
feet thick for both the river and middle walls.  The drilled shafts also enable the monoliths to be 
founded at the existing top of rock regardless of adjacent rock excavation or the proximity of 
coal seams, which significantly reduces the wall heights and rock excavation. The river wall 
foundation is at El. 678 upstream and El. 665 downstream. The middle wall foundation is at El. 
680 upstream and El. 660 downstream.  The results of the wall analyses are presented in Table 
8.12-B.  Plate E-10A shows the longitudinal section through the river chamber.  Plates E-11A 
through E-11E show the cross sections through the river chamber.   

 

TABLE 8.12-B – New Middle and River Wall Design Summary 
 Factored Loads 

Description Classify Min 
Wall 

Width 
Feet 

Max 
Displ. 
inch 

Min 
Axial 
kips 

Max 
Axial 
kips 

Shear 
kips 

Moment
. 

k-ft 

Middle and River Walls – 
Upstream Location Normal 
Operating Condition  

Usual 33 0.38 29  
7007 

233 
926 

4924 
5697 

Middle and River Walls – 
Upstream Location 
Construction Condition  

Unusual 30 0.695 -2080  
6822 

353 
1117 

7217 
6702 

Middle and River Walls – 
Downstream Location 
Normal Operating Condition 

Usual 32 0.35 60  
7118 

667 
951 

8587 
6340 

Middle and River Walls – 
Downstream Location 
Normal Operating Condition 

Unusual 30 0.745 -2936  
7967 

1253 
1482 

15870 
9877 

         (-) Tension  (+) Compression 
 

The wall widths shown in Table 8.12-B are calculated to determine the minimum width and 
drilled shaft loads that satisfy the design criteria.  The wall width selected of 34-feet wide was 
selected for the feasibility design and by inspection the slight large wall width will result in 
slightly smaller drilled shafts loads.  The preliminary design for the wall widths is satisfactory by 
inspection.  A preliminary design of the drilled shafts was performed using the loads contained 
within Table 8.12-B.  As shown in the Table the drilled shafts no direct tension is applied to the 
drilled shafts in the usual load conditions.   
 
 
8.12.2 Existing Land Wall Used As a Cofferdam Wall 
 

 This feature is not included as part of the Recommended Plan.  The planned construction 
methodology for the new land wall would be build within a dry area bounded by temporary sheet 
pile cofferdam closures at the upstream and downstream limits of the new land chamber.  The 
cofferdam cells would be filled with granular fill material to facilitate their removal.  The cells 
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would connect with the existing land lock wall and the new lock middle wall.  It is anticipated 
that the existing lock land wall would be used as a temporary cofferdam wall for the land 
chamber cofferdam. 

 
A stability analysis was performed on two existing typical land wall monoliths due to the 

varying founding level of the existing lock walls.  The stability analysis assumed the existing 
penstock tunnel was filled with concrete for stability purposes.  Results from the stability 
analysis indicate the land wall need to be anchored with rock anchors in order to satisfactory 
serve as a cofferdam wall.  The identical anchoring design is used for both lock wall sections as 
a typical design for the feasibility design.  As a level of additional conservatism the anchor 
design uses an external waler to distribute the point load from the anchor to the entire lock wall 
monolith.  Figure 8.12-A shows the anchoring design results for the existing land lock wall to be 
used as the cofferdam wall with stability analysis results presented in Table 8.12-C.   

 
The existing land wall is in poor condition as described within the General Engineering 

Reference Data Appendix (Document GE). Document GE describes in detail the current 
condition and the reliability models used to predict the future performance of the land wall.  An 
important aspect is to use the existing land wall as a cofferdam wall.  This wall will provide the 
excavation support of the back fill material needed to build the new land wall for the dual 
chamber lock modernization options.  As the structures age, the walls will further deteriorate and 
the land wall will become less reliable.  It is believed that the land wall could provide this 
necessary support, however the wall potentially may require additional support in the form of 
vertical or inclined anchors.  This support would be in addition to the measures already 
indicated.  Approximately thirteen to eighteen feet of rock may require excavation below the 
foundation level of the existing wall.  A slope stability analysis on a critical existing land wall 
section is currently being performed to evaluate the deep excavation required to build the new 
land wall at the Emsworth site.  Any additional stabilizing features, if needed, will be 
documented within the draft Feasibility Report (the next version of the appendix).  In addition, 
should any of the dual lock modernization options become selected as the recommended plan, an 
in-depth analyses will be necessary during the next design phase in order to evaluate land wall 
support measures in detail.   
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FIGURE 8.12-A – Land Wall Anchoring 

 
 
 
 
 

TABLE 8.12-C – Existing Land Wall Stability Analysis Summary 
  Base 

Compression 
Sliding Analysis Bearing Pressure 

Description Classify Actual Req’d Actual 
FS 

Req’d 
FS 

Actual 
ksf 

Allow 
ksf 

Existing Land Wall – Lower Section 
Construction Condition with Anchor 

Unusual 82% 75% 1.6 1.5 13.83 20.0 

Existing Land Wall – Upper Section 
Construction Condition with Anchor 

Unusual 99% 75% 2.5 1.5 9.85 20.0 
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8.13 ADDITIONAL STUDIES, TESTS AND ANALYSES 
 

Two additional studies are recommended for the next design phase after the feasibility study 
is complete.   
 

Because of significant potential cost savings could result it is recommended that drilled 
shafts used within the design could be optimized and the design refined in order to reduce the 
number and sizes of the drilled shafts.  A 2-dimensional analysis performed for this study used 
simplifying assumptions and simplifying locations for the analysis to represent the lock wall.  
The analysis has treated the shaft as a single system independent of the superstructure with 
superstructure loads carried directly into and supported fully by the shaft. In reality, this will not 
be the case. Once the tremie concrete is poured against the rock, some of the load will transfer to 
the rock directly without transferring through the caisson. To model the interaction between the 
rock and the total structural system will require a complex finite element model to be 
constructed. The potential benefits justify this effort in the next design phase.  A more refined 
and detailed analysis could optimize the drilled shaft design. 
 

The second analysis recommended for the next design phase is a thermal analysis (NISA) of 
the mass concrete pours. Because of the lack of actual design parameters and because of time 
constraints, no thermal analyses were performed. The NISA may also show some significant 
savings in reinforcing steel by demonstrating lower levels of stress from all loading conditions 
including thermal stresses. 

 
8.14 STRUCTURAL INSTRUMENTATION 

 
A detailed instrumentation and monitoring program is anticipated and will be required in 

order to ensure the existing features perform adequately during the construction of the new 
locks.  The instrumentation will include both the existing dam and locks and specifically 
developed for each facility location.  This instrumentation program will be developed during the 
next project PED phase. 
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9. MECHANICAL DESIGN  
 
 
9.1 MITER GATE OPERATING MACHINERY 
 

Direct Connected Hydraulic Actuators will be used for the miter gate machines.  These units 
are self contained and completely sealed.  Each actuator includes a hydraulic cylinder with an 
attached hydraulic power unit consisting of a sealed reservoir, hydraulic pump, valve manifold, 
and a reversible variable speed electric motor.  The speed and direction of the gate is controlled 
by a variable frequency drive in the motor control center that controls the speed and direction of 
the electric motor.  This system does not require a centralized or four corner hydraulic system, 
eliminating the need for the long pipe runs associated with these systems.  The units are 
compact, submersible and are not affected by heat and humidity.  These unique hydraulic 
actuators have been operating successfully at Allegheny Locks 4 and 5 since the mid 1990’s and 
will also be used for the new Charleroi Locks on the Monongahela River.  The analysis for the 
miter gate machinery will follow the procedures outlined in EM 1110-2-2703, Lock Gates and 
Operating Equipment, for Direct Connected Linkage type miter gate machinery and will 
consider the temporal loading (in addition to the operating loads) as required in the EM.   
 

The Direct Connected Linkage consists of a hydraulic cylinder with its shell (body) 
supported in the miter gate machinery recess by a trunnion/cardon ring assembly (gimbal) and its 
rod connected directly to the miter gate with a spherical bearing type clevis.  The direct 
connected linkage, which does not use strut arms or sector arms, transmits the cylinder force 
(thrust) directly to the gate. This hydraulic machine is used widely throughout Europe and was 
chosen by the Panama Canal Authority (ACP) to replace the original mechanically driven 
Panama Canal Linkages.  The St. Lawrence Seaway Management Corporation also used this 
machine to upgrade the miter gate machinery on their Welland Canal locks.  This linkage has 
become very popular with the Corps because of its simplicity, cost advantage and industry 
support.  It is now used by many Districts on locks ranging from 56 to 110 foot wide.  
Experience has shown that the direct connected machine costs approximately 30 percent less 
than the conventional Ohio River type machine.  A typical design layout for the Direct 
Connected Linkage is shown on Plates A-6D and A-6E. 
 

The cylinder rods will be chrome plated stainless steel.  Greaseless bearings will be used for 
the cylinder trunnion/cardon ring assembly and the spherical bearing in the rod clevis.  A spare 
cylinder assembly will be provided due to the long lead time to obtain a replacement if damaged.  
Therefore, the cylinders on both sides of the chamber will be identical and interchangeable (not 
mirror images) so that only one spare is required.      
 

The gate latch pins in the miter gate recesses will be operated by either submersible electric 
actuators or hydraulic cylinders.  Electric actuators would be the multi-turn rising stem type 
similar to those used on gate valve.  Hydraulic cylinders would require a small dedicated 
hydraulic power unit (HPU) located near each miter gate recess. 
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9.2 CULVERT VALVE OPERATING MACHINERY 
 

Bonneted slide or wheel gates will be used for the unique thru-the-sill filling/emptying 
system on the new main riverward lock chamber.  The bonneted gates will be operated by self-
contained hydraulic actuators similar to the miter gate machinery actuators described above.  The 
actuators will be mounted to the filling valve bonnets in a dry gallery in the upper miter sill and 
to the emptying valve bonnets in a dry gallery in the lower river wall.  There will be service and 
emergency filling valves (installed in series) for redundancy.  This system has been modeled by 
WES for Charleroi L/D.  The analysis for the filling/emptying valve machinery will consider all 
operating loads including valve weight, friction factors, hydrodynamic loads, and surge effects.  
Some typical design layouts for the bonneted gate hoist machinery are shown on Plates A-3A 
and A-3B.  These plates show valves for the two culvert arrangement used on the 800 and 1200 
ft chamber options.  The 600 ft chamber in the recommended plan currently shows a single 
culvert.  However, there are several advantages with a two culvert arrangement for the 600 ft 
chamber that will be investigated during PED.  These advantages include redundancy for the 
emptying valve and smaller culverts, valves, actuators and galleries.  Therefore, during the next 
phase of the project it is anticipated the size of the culverts, valves and the intakes/outlets will be 
investigated in detail and the system optimized resulting in smaller size culverts and smaller 
valves with a two culvert system for the recommended plan.   

 
Reverse tainter valves will be used for the new auxiliary landward lock chamber.  The 

reverse tainter valves will be operated by bell crank (or rocker) type machines.  This machine is 
the most common hoist type used for reverse tainter valves.  The bell crank is a triangular shaped 
truss type structure fabricated from structural steel members with bearing connections on each of 
its three corners.  The bell crank pivots at one corner in a pair of pillow block bearings, while the 
other two corners are connected to the cylinder rod and valve strut clevises respectively.  The 
geometry of the bell crank will vary to meet the specific kinematics required for the installation.  
The hydraulic cylinder is trunnion mounted on a support base located in a recess on the wall 
adjacent to the valve well.  The valve strut connects the bell rank to the tainter valve.  The strut 
assembly normally consists of a heavy structural steel tube with clevis and eye type end 
connections and a buffer spring assembly.  Advantages of the bell crank type machine include: it 
can produce a down-force on the valve to help counteract uplift or chatter; oil leaks can be 
contained in the cylinder recess; its hydraulic components are above water and in an area easily 
accessible for maintenance.  The only component subjected to the turbulence, ice and debris 
from submergence in the valve well is the strut, which is ruggedly designed and relatively 
inexpensive to repair or replace.  A typical design layout for the Bell Crank Hoist is shown on 
Plate A-4A.   

 
The cylinder rods for both the valve machine types will be chrome plated stainless steel.  

Greaseless bearings will be used for the cylinder and bell crank trunnions and the spherical 
bearings in the rod and strut clevises.  A spare cylinder assembly (for each type and size) will be 
provided due to the long lead time to obtain a replacement if damaged. 

 
All valve cylinders will be the self-contained type (like the miter gate machines) which 

combines a hydraulic power unit with a hydraulic cylinder to form a self-contained actuator that 



UPPER OHIO NAVIGATION STUDY                 Engineering Appendix  
 

 
 
 

 
EMSWORTH SITE APPENDIX                            Page 9-3 

is completely sealed and submersible.  Instead of proportional/directional valving, integral power 
units utilize a bi-rotational gear pump mounted inside a sealed reservoir and driven by a 
submersible electric motor attached to the reservoir.  The speed and direction of the cylinder rod 
is controlled by a variable frequency drive (VFD), located in the motor control center, which 
controls the speed and direction of the electric motor.  The principal advantages of an integral 
system are: no first cost of piping; negligible friction losses; no cost for piping crossovers; 
minimal vulnerability to leakage; quiet operation; low maintenance; submersible design; lowest 
total space requirements on the lock walls.  

 
9.3 COMPRESSED AIR SYSTEM 
 

This system will provide compressed air to both lock chambers for general utility and a 
bubbler system for moving ice and debris.  The bubbler system for each chamber includes air 
curtains in each miter gate recess and on the downstream side of the upper guard sill.  A quoin or 
pintle area flusher consisting of a single nozzle that operates independently of the miter gate 
recess curtain will also be provided for each miter gate.  The bubbler systems air curtains and 
flushers will be activated by solenoid valves, which will be controlled form the operator stations.   
The Air Compressor and Receiver will be located in the Service Building.  The piping system 
will be sized to provide the air volume necessary to operate the air curtains and flushers as 
required during severe ice conditions.  The air compressor will be sized to meet the air 
requirements for normal use and moderate ice conditions only.  Provisions will be provided to 
connect additional portable compressors during severe ice conditions.  The piping and bubbler 
system will be coordinated with the lock wall design teams. 
 
 
9.4 SERVICE WATER SYSTEM 

 
Service water will be supplied by two submersible well pumps located in the land wall 

culvert.  2½-inch hose valves (hydrants) will be provided at approximately 75-foot intervals in 
the trench on each wall.  The system will be sized to provide sufficient flow and pressure to all 
areas of the lock for hosing off mud and debris after the walls is topped.  The system will be 
coordinated with the lock wall design teams. 
 
 
9.5 DIESEL FUEL SYSTEM (STANDBY GENERATOR) 

 
The fuel system for the Standby Generator will be sized to meet the requirements of the 

generator.  A double wall fuel tank with containment dyke and leak detection system will be 
install outside near the Service Building and piped to a day tank (with integral transfer pump and 
dyke) located in the generator room.  The generator requirements will be coordinated with the 
Electrical design team and all NFPA tank piping and venting requirements will be followed. 
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9.6 TOW HAULAGE SYSTEM  
 

All 600-foot and 800-foot main chamber lock options will require tow haulage and retriever 
systems similar to the systems currently operating at Emsworth, Dashields and Montgomery.  
These systems facilitate the double or triple lockage of long tows (standard 15 barge tow 
arrangements for a 1200-foot chamber) by providing a means to pull the unpowered cuts out of 
the chamber.  The cuts are then reassembled on the upper or lower approach wall.  The tow 
haulage/retriever systems are the rail type with a traveling towing bitt (or kevel).   
 

The tow haulage system consists of a rail mounted between the corner protection and guard 
fence on one lock wall that spans between the upper and lower miter gate recesses.  The towing 
bit is pulled along this rail by two independent hydraulically driven winches that operate in a 
counter-torque configuration.  This configuration maintains the proper tension on both wire 
ropes to insure the ropes reeve correctly over the sheaves and stack correctly on the winch 
drums.  The counter-torque (or pull-retard) operation is achieved by providing a 15,000 lb line 
pull from the pulling winch and an opposing 1,000 pound line pull from the retarding winch.  
The retarding line pull is accomplished by a regenerative circuit on each hydraulic power unit 
(HPU).  The two HPU’s are connected electronically and two joy stick control stations, one at 
each end of the chamber, provide seamless variable speed operation from 0 to 120 fpm in both 
upstream and downstream directions.  A typical design layout for the tow haulage system is 
shown on Plate A-8A.  
 

The tow haulage system also includes a retriever system mounted on the upper approach wall 
to keep the front end of an up-bound cut from swinging out (due to the river current) as the 
barges are pulled out of the chamber from the back end by the tow hauler.  This system includes 
a rail and traveling kevel like that used for the tow hauler.  The main difference is the moving 
barges pull the kevel along the rail as the tow hauler pulls the cut from the chamber.  The 
retriever kevel is then pulled back to the start position by a single electric winch.  The retriever 
system is not shown on a plate.     
 

The existing tow haulage system will remain for all options that utilize the existing land 
chamber as the auxiliary chamber, including the recommended option.  This will provide 
redundancy for the new main chamber tow haulage system when it is out of service. 

 



UPPER OHIO NAVIGATION STUDY                 Engineering Appendix  
 

 
 
 

 
EMSWORTH SITE APPENDIX                            Page 10-1 

10. ELECTRICAL DESIGN 
 
 
10.1 ELECTRICAL SERVICE REQUIREMENTS 
 

The Emsworth Dam project is currently undergoing a major electrical and mechanical 
rehabilitation.  Under this Dam rehabilitation, a new service connection was required for the new 
dam features and the existing locks. Power to the project is provided through the facilities of the 
Duquesne Light Power Company. Electrical service enters the project from the abutment side of 
the dam.   The primary feed is 23kv which terminates into the utility provided, 750KVA pad 
mounted transformer.  Secondary electrical service is supplied at 480/277 volts, 3 phase, 4 wire, 
60 hertz.  Secondary conductors were installed underground from the transformer pad to the 
main distribution switchboard MDS1-CB located in a control building on the abutment.  The 
existing locks and dam are fed from motor control center MCC-CB located in this same control 
building.  It is anticipated that the new lock loads are within the capacity of this electrical 
service, therefore, the service, and both MDS1-CB and MCC-CB will be reused to provide 
power to the new locks.    
 

The recommended plan includes keeping the existing land chamber and building a new 600 
foot river chamber. The new river lock chamber will be constructed riverward towards the dam. 
Therefore, during construction, a temporary service will be required from the land side to keep 
the existing land chamber operational while the new river chamber is being constructed. This 
will result in the dam being supplied by the current abutment service and the existing lock being 
supplied by the temporary service from the land side of the existing lock. The existing generator 
located on the abutment will remain and provide standby power to the dam. A temporary 
generator will be required to provide standby power to the existing lock during construction. 
This temporary service is depicted on Plate E-15F. 

 
Building a new chamber riverward will result in having to remove the first dam gate bay. 

Each dam gate machinery house is provided with a 480V power panel. Each machinery house 
power panel is fed from a power panel via a 225A feeder located in a pier room on pier 5. 
During construction of the new riverward chamber, and subsequent removal of this first gate bay 
and pier 1, this 225A feeder will require removal. Existing lock feeders carried over the service 
bridge to the river wall bldg for the lock will also require removal. The HPU control enclosure 
for dam gate 1 and distribution equipment are in good condition and will be removed and stored. 
Reference plate E-15E for the single line showing the required demolition during construction. 
 
 
10.2 POWER SUPPLY AND DISTRIBUTION 
 

The power distribution system for the new lock will be designed to handle the maximum 
expected demand plus 10 to 20 percent reserve capacity.  Interrupting ratings will be based on a 
short circuit analysis.   In general, the design will keep the voltage drop from the power source to 
the utilization equipment/device to less than 5 percent.  Parallel feeders from motor control 
center MCC-CB (abutment control building) will provide power to a MCC (MW-MCC) located 
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on the middle wall, in the control tower electrical room.  This power panel will feed the existing 
land wall operations building and the land and river chamber Motor Control Centers (MCC’s).  
The MCC’s will serve as the main distribution point for the lock operating equipment.  Separate 
MCC’s will be furnished for the land chamber and the river chamber locks.  MCC’s will be rated 
for 480 volts, 3 phase, 4 wire.  Variable frequency drives, bypass contactors, reversible starters, 
feeder breakers, solid state metering, and surge protection, will be furnished in the lock MCC’s.  
The river chamber lock MCC will be configured with complete diagnostic and preventative 
maintenance features.  Parameters such as amperes, time-to-trip, trip cause, ground fault amps, 
I/O status, and complete component history will be integrated into the control system network 
and available to project personnel. 
 

Dry type transformers will be installed for stepping down the voltage to 120/208volts, 3 
phase, 4 wire for lighting panel loads.   
 

Power will be provided for the following lock operating equipment.  Preliminary motor 
horsepower ratings are listed in Table 10.2-A, Table 10.2-B and Table 10.2-C, however they 
may change during the plans and specifications phase. 
 

TABLE 10.2-A – Lock Operating Equipment Loads 
(600ft aux and 1200ft main chamber option) 
(600ft aux and 800ft main chamber option) 

Quantity Load Description Horsepower Remarks 
8 Filling valve hydraulic 

actuators 
20 Main chamber (4 service and 4 

emergency-thru the sill) 
2 Emptying valve hydraulic 

actuators 
30 Main chamber 

1 Filling valve hydraulic 
actuator (tainter) 

30 Auxiliary chamber 

1 Emptying valve hydraulic 
actuator (tainter) 

30 Auxiliary chamber 

8 Miter gate hydraulic actuators 30 4 per lock 
1 Air Compressor 75  
1 Service water pump 20  
 



UPPER OHIO NAVIGATION STUDY                 Engineering Appendix  
  

 
 
 

 
EMSWORTH SITE APPENDIX                            Page 10-3 

 

TABLE 10.2-B – Lock Operating Equipment Loads 
(600ft aux and 600ft main chamber option) 

Quantity Load Description Horsepower Remarks 
4 Filling valve hydraulic actuators 20 Main chamber (2 service and 2 

emergency-thru the sill)  
1 Emptying valve hydraulic 

actuators 
30 Main chamber 

1 Filling valve hydraulic actuator 
(tainter valve) 

30 Auxiliary chamber 

1 Emptying valve hydraulic 
actuator (tainter valve) 

30 Auxiliary chamber 

8 Miter gate hydraulic actuators 30 4 per lock 
1 Air Compressor 75  
1 Service water pump 20  
 

TABLE 10.2-C – Lock Operating Equipment Loads 
(600ft existing aux and 600ft main chamber option) 

(RECOMMENDED PLAN) 
 
Quantity Load Description Horsepower Remarks 
4 Filling valve hydraulic actuators 20 Main chamber (2 service and 2 

emergency-thru the sill)  
1 Emptying valve hydraulic 

actuators 
30 Main chamber 

3 Hydraulic Pumps for existing 
miter gates and valves 

30 Auxiliary chamber 

4 Miter gate hydraulic actuators 30 Main chamber 
1 Air Compressor 75  
1 Service water pump 20  
 
 

Each motor will be provided with a disconnect means in accordance with the National 
Electrical Code.  Electrical enclosures located outdoors will be rated NEMA type 4X.  Indoor 
enclosure will be rated NEMA type 12. 
 
10.2.1 Wire and Cable 
 

Except for specialty cables such as fiber optic and miscellaneous control and 
communications cables, wire and cable specified will be in accordance with UFGS-26 05 19.00 
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10. 600 volt insulation will be utilized for all power cables.  All wire and cable will be installed 
in conduit and/or cable tray.   
 
10.2.2 Raceways 
 

Power, control communications cables to/from MCC’s, outdoor lighting, lock machinery, 
and other loads will be routed in conduit and/or cable trays in utility trenches on lock walls.  
Embedded conduit will be PVC schedule 40.  All exposed rigid conduit will be galvanized rigid 
steel. 
 
10.2.3 Grounding 
 

The existing lock grounding system consists of several embedded ground plates located 
below the water line. The ground plates are all interconnected by a bare copper ground 
conductor. The bare copper conductor runs the length of the land, middle and river walls. 
Embedded ground plates are also located on the dam piers, downstream below lower pool. 
During construction, the river chamber grounding system will be separated from the land 
chamber system. The dam will also be disconnected from the locks. The existing land chamber 
grounding system will be tied into the new service equipment required to keep the land chamber 
operational during construction. Once the new river chamber is constructed, the new grounding 
system will be re-connected to the existing land chamber system and the dam.  

 
Equipment grounding conductors will be provided for all electrical equipment and sized in 

accordance with the National Electrical Code.  Motors, panels, transformers, equipment 
enclosures, etc., will be grounded.  All duplex grounding receptacles will be grounded by a 
separate grounding conductor.  In addition, 250kcmil bare copper conductors running the length 
of each lock wall will be included. The lock grounding system will be extended and tied into the 
existing dam grounding system.  The lightning protection system furnished for the buildings will 
also be bonded to the lock grounding system.  All metallic enclosures will be bonded.  All 
grounding conductors will be bonded together to form a continuous grounding system.   The 
neutral and grounding conductor will be bonded at the service disconnect switch and at 
separately derived systems in accordance with the requirements of the National Electrical Code. 
 
 
10.3 AUXILIARY POWER SYSTEM 
 

Emergency power will be supplied by an existing diesel standby generator unit rated at 
500kw, 0.8 power factor, 480/277 volts, 3 phase, 60 hertz also installed under the dam 
rehabilitation project.  The standby unit is located outdoors in a sound/weatherproof enclosure.  
An automatic transfer switch provides the transfer of power from the utility to the emergency 
source. 
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10.4 CONTROL SYSTEM 
 

A new PLC based dam gate control system is being installed as part of the ongoing electrical 
and mechanical rehabilitation.  The new dam gate control system utilizes newly installed fiber 
optic cables for Ethernet communication to the dam operating equipment.  The fiber optic cables 
are installed in conduits between the river wall building and the control building on the abutment 
and between each pier on the dam.  Existing fiber optic cables between the river wall and middle 
wall permit remote operation of the dam from the middle wall control building via human 
machine interface (HMI) client software installed on PCs .  Existing fiber optic cables between 
the river wall and land wall permit remote operation of the dam from the land wall building via 
human machine interface (HMI) client software installed on PCs.  The main servers accessed by 
the HMI controls are located in the land wall building on the second floor. 
 

Since the new river lock chamber will be constructed riverward towards the dam, the first 
dam gate bay will have to be removed.  During this period, hardwired communications between 
the dam and the lock will not be available.  During construction of the new river chamber, the 
fiber optic communication cables between pier 2 on the dam and the river wall building breakout 
enclosure will have to be removed and/or pulled back to the fiber optic breakout enclosure in 
pier 2.  The HMI servers will have to be relocated to the control building on the abutment and 
reconfigured for network communications.  If the HMI servers are not reconfigured for network 
communications and/or a Pittsburgh District Network connection is not provided in the control 
building on the abutment, then all dam gate moves will have to be made via local controls at 
each dam gate.  Control from the existing middle wall or land wall HMI PC will be available 
during construction only if the HMI servers are relocated to the abutment. 

 
The lock control system will consist of a centrally located control console in the proposed 

control tower.  A dedicated PLC processor and a PC client/server HMI configuration will be 
provided for the lock chamber.  The lock chamber shall have a dedicated PC server and two 
additional PCs provided as clients for lock control.  The control system will provide PLC based 
controls for all functions of the project and include data capture and reporting capability.  In 
addition, an upstream and downstream control station will provide manual controls for the miter 
gate and valve machinery.  The control network communications will consist of a self-healing 
Ethernet ring and redundant communications and controllers.  The lock motor control centers 
will have complete diagnostic and preventive maintenance features fully integrated into the 
control system network.  The main PLC processor will be located in the electrical equipment 
room in the control tower.  Remote I/O shall be located in the upstream and downstream control 
stations to minimize wiring back to the control tower.   
 
 
10.5 LOCK, TRAFFIC SIGNAL AND NAVIGATION LIGHTING 
 

In general, lock lighting will be fed from the control centers located in the middle wall 
control tower electrical room.  Lighting contactors will provide the necessary control.  Operator 
control will be configured into the HMI.  
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Fixtures mounted on high mast poles will provide lock chamber lighting.  Poles will be 
tempered, galvanized steel, 80 feet high.  Each pole will be provided with six, 750 watt, 480 volt 
high pressure sodium (HPS) fixtures.  Design considerations will include uniform and adequate 
illumination levels (2 footcandles at low pool), minimizing the negative effects of glare and 
shadows, cost, and ease of maintenance. 
 

Approach wall lighting will be accomplished by high mast poles utilizing high pressure 
sodium fixtures mounted along the upper and lower guide wall and guard walls.  Approach 
lighting poles will be furnished with a lowering device for re-lamping. 

 
Floating mooring bit lights will be high pressure sodium with die-cast aluminum housing and 

doorframe with watertight lens assembly.  Fixtures will utilize 400watt HPS lamps. 
 
The traffic signal control system shall consist of traffic lights located at the entrance of the 

lock chambers.  The traffic signal system will be controlled from the HMI located in the operator 
control room.  The traffic signal lights shall be displayed as follows: 
 

 Flashing Red light.  Lock is in use.  Vessel to stand clear, do not enter. 
 Flashing Amber light.  Lock is being made ready. 
 Flashing Green light.  Lock is ready for entrance. 
 Flashing Green and Amber.  Lock is ready for entrance however gates cannot be 

recessed completely.  Vessel may enter under full control with extreme caution.   
 Traffic signal lights will utilize LED type lamps. 

 
Navigation lights, consistent with Ohio River requirements will be provided on the upper and 

lower guide wall (1 red), upper guard wall (3 green), and lower guard wall (2 green).  A 
lowering device will be included for lowering fixtures for re-lamping. 
 
 
10.6 CLOSED CIRCUIT TELEVISION (CCTV) 
 

The closed circuit television (CCTV) system will provide the lock operator unobstructed 
views of the entire lock chamber.  For the new lock chamber, there will be six dedicated 
cameras; one camera shall be located in close proximity to each gate leaf, and there will be two 
overview cameras mounted on the footbridge.  In addition, dedicated cameras will be provided 
for viewing the upstream approach, the downstream approach, and the dam gates.  To overcome 
distance limitations, fiber optic cables for camera control and video transmission will be utilized.  
The video control system hardware shall consist of a central microprocessor and a network 
configured server.  The lock operators will have the capability of viewing any camera on any of 
the six console monitors at any given time.  With the appropriate software installed, video from 
any camera can viewed on any computer connected to the Pittsburgh District network. 
 

The existing main dam CCTV equipment and intrusion detection system (IDS) equipment on 
pier 1 will have to be relocated to pier 2.  The IDS on the dam will not be able to communicate 
with the main IDC PC on the landwall until after construction of the new lock is complete.  
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Cameras on the dam will have to be reconfigured to permit network operation.  The back 
channel dam cameras utilize a wireless link for viewing backchannel dam cameras in the main 
channel landwall building.  Communication lines form the wireless link will have to be rerouted 
and connected to the network in the abutment control building.  
 
 
 
 



UPPER OHIO NAVIGATION STUDY                 Engineering Appendix  
  

 
 
 

 
EMSWORTH SITE APPENDIX                            Page 11-1 

11. HAZARDOUS WASTE AND TOXIC WASTE 
 
11.1 HTRW SITE ASSESSMENTS AND SITE INVESTIGATIONS 
 

11.1.1 Phase I HTRW Site Assessments 
 

In accordance with Corps of Engineering regulations, Phase I Hazardous, Toxic, and 
Radioactive Waste (HTRW) investigations have been performed at the Primary and Secondary 
Sites.  The Phase I Environmental Site Assessment determined that both of these sites have the 
potential to be contaminated.  As such, a Phase II Environmental Site Assessment was 
recommended for the Primary and Secondary Sites.   

 
11.1.2 Phase II Environmental Site Assessments 

 
The United States Army Corps of Engineers (USACE) performed Phase II Environmental 

Site Assessments (ESAs) at five (5) properties to support the Upper Ohio River Navigation 
Feasibility Study.  Rights-of-entry to conduct investigations were not provided for the Emsworth 
Primary and Dashields Secondary properties, so those properties were not investigated beyond 
the Phase I ESAs.  This Phase II ESA was prepared in accordance with ER 1165-2-132, 
Hazardous, Toxic and Radioactive Waste (HTRW) Guidance for Civil Works Projects, for the 
feasibility phase of this project. The purpose of the environmental site assessment was to provide 
the LRP plan formulation team with defendable quantitative data to document, prior to property 
acquisition, if CERCLA regulated substances exist at each of the six subject properties, and at 
what levels of potential concern. 

 
References: 
• USACE 2009, Final Phase I Environmental Site Assessment, Upper Ohio Navigation Study, 

Pennsylvania, Potential Work and Laydown Area Environmental and Cultural Resource 
Assessments. , November 16, 2009 

• USACE 2010, Phase I Environmental Site Assessment, Upper Ohio Navigation Study, 
Pennsylvania, Environmental Restoration Appendix Including Plan Formulation and 
Evaluation and Limited Environmental and Cultural Resource Assessments, June 14, 2010 

• USACE 2013, Phase II Environmental Site Assessment, Upper Ohio Navigation Feasibility 
Study, July 2013 

•   EPA 1990 (1994), National Oil and Hazardous Substances Pollution Contingency Plan; 
Final Rule (40 CFR Part 300), Federal Register, 55 (46):8666-8865 (March 8); 
http://ecfr.gpoaccess.gov/cgi/t/text/textidx?c=ecfr&tpl=/ecfrbrowse/Title40/40cfr300_main_02
.tpl 

 
 
11.2 PHASE II ENVIRONMENTAL SITE ASSESSMENT RESULTS 
 
11.2.1 Primary Site 
 

http://ecfr.gpoaccess.gov/cgi/t/text/textidx?c=ecfr&tpl=/ecfrbrowse/Title40/40cfr300_main_02.tpl
http://ecfr.gpoaccess.gov/cgi/t/text/textidx?c=ecfr&tpl=/ecfrbrowse/Title40/40cfr300_main_02.tpl


UPPER OHIO NAVIGATION STUDY                 Engineering Appendix  
 

 
 
 

 
EMSWORTH SITE APPENDIX                            Page 11-2 

A Phase II Environmental Site Assessment was not performed for this site because a right of 
entry was not obtained from the landowner. 
 
11.2.2 Secondary Site 
 

The investigation for the Emsworth Secondary site indicates there is sufficient land available 
to support construction of the proposed lock and to develop a Real Estate Plan that maximizes 
avoidance of contaminated areas, as shown in Figure 6.5-A. Given that property acquisition of 
the subject parcel would almost certainly be some years in the future, an updated assessment is 
required prior to acquisition to meet the CERCLA all appropriate inquiry standards established 
by USEPA. 
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12. ENVIRONMENTAL PERMITS 
 

In support of construction, an on-site concrete batch plant will be necessary in order to 
supply the quantity of concrete meeting the quality requirements specified within the design 
manuals.  It is anticipated a NPDES permit will be required for the construction and operation of 
the batch plant.  The detailed requirements for this and other permits that may be required will be 
investigated in the next project phase after the feasibility study.   
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13. CONSTRUCTION PROCEDURE 
 
13.1 GENERAL 
 

Other types of construction techniques than the technique presented that may include Lift-In, 
Float-In and In-The-Wet that have been successfully implemented at other various USACE lock 
and dam facilities will be considered in future design documents after completion of the 
feasibility level study.  Also lesson learned from the Charleroi Locks, Olmsted, Chickamauga 
Lock and various other USACE lock and dam construction projects will be incorporated in 
subsequent design phases.   
 

The anticipated construction sequence for the double 600-ft lock chamber options is 
illustrated on Plates E-13A through E-13E.  For the recommended plan the anticipated 
construction sequence for the single 600-ft lock chamber option is illustrated on Plates E-13A 
through E-13C and would stop after Step 1 of Stage 6 is completed.  The sequence describes the 
construction staging to build the new locks while maintaining navigation through the existing 
chamber and maintaining the upper pool during the construction activities.  For the different lock 
chamber lengths (800-ft and 1200-ft) the construction sequence would essentially be the same.  
The only differences would be the lengths of the lock walls and approach walls and the 
orientations of the lock chamber cofferdams.  For the new single lock chamber the construction 
sequence would terminate at the conclusion of Stage 6 when the first lock chamber is open to 
navigation.   

 
It is anticipated that concrete for the new locks construction would be produced at the on-site 

concrete batch plant located in the temporary construction area.  Since the primary and 
secondary laydown areas are located on the abutment side of the main channel dam at Emsworth, 
it is anticipated the concrete, as one possible delivery method available to the construction 
contractor, would be conveyed across the river using elevated conveyors.  The conveyors could 
be attached to the upstream side of the dam piers avoiding any temporary in river conveyor 
supports.  Figure 13.1-A shows the concrete conveyor attached to the upstream face of the dam 
at Charleroi which delivers the concrete produced at the batch plant across the river from the 
final placement location.   
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FIGURE 13.1-A – Concrete Conveyor Supports Attached to Dam (Charleroi Locks 

and Dam) 

13.2 IN-THE WET MONOLITHS 
 

The middle and river monoliths would be constructed within sheet pile cofferboxes and built 
on a drilled shaft foundation.  This cofferbox detailed construction sequence is shown on Plate 
A-1H.  The length of the cofferboxes would be determined during the next project phase after 
the completion of the feasibility study.  Essentially the length of the boxes would encompass the 
entire section of the new wall either upstream or downstream of the dam.  The drilled shafts 
under the wall would be installed prior to the construction of the cofferboxes or integral with the 
construction of the boxes.  Upon completion of the foundation drilled shafts and placement of 
the tremie concrete seal at the bottom of the box, the interior area would be dewatered and the 
remaining portion of the lock wall would be constructed in a conventional manner.  Within the 
box, the embedded appurtenances (floating mooring bitts, line hooks, ladders, recesses etc) 
would be built within the boxes with each concrete lift placement.  Routinely available 
construction equipment would be used to build these features using contractors familiar with 
marine construction.  The drilled shaft typically requires equipment that may be less readily 
available, and typically performed by specialty subcontractors.  
 
 
13.3 IN-THE-DRY MONOLITHS 
 

The land wall and small portions of the new middle and river walls would be constructed 
within temporary cofferdam.  The wall would be constructed in a conventional manner.  All of 
the embedded appurtenances (floating mooring bitts, line hooks, ladders, recesses etc) would be 



UPPER OHIO NAVIGATION STUDY                 Engineering Appendix  
 

 
 
 

 
EMSWORTH SITE APPENDIX                            Page 13-3 

built with each concrete lift placement.  Routinely available construction equipment would be 
used to build these features using heavy construction contractors and a marine equipment used to 
install the temporary cofferdam.  Specialty contractors would not be necessary.   
 
 
13.4 TEMPORARY COFFERDAMS 
 

The temporary cofferdams are needed in order to close off the end of the new river and land 
chambers and to close off the river with the connection to the dam.  The area within the 
cofferdams would be dewatered in order to install the in chamber features including the miter 
gates, gate and bulkhead sills, filling and emptying culverts located in the chamber floor, filling 
and emptying floor laterals and the emptying diffusers.  This work would use routinely available 
construction equipment operated by a heavy construction contractor.  Work within the 
cofferdams would be susceptible to potential flooding during high water conditions within the 
river which might require flooding of the work areas and suspension of the construction work.   
 
 
13.5 APPROACH WALLS 
 
13.5.1 Fixed Approach Walls 
 

The fixed approach walls are constructed of pre-cast and post-tensioned concrete beams.  
Most likely the fabrication of the beams will not be done at the intended project site and will be 
done by a certified precast/prestressed concrete plant.  The precast/prestressed concrete plant 
will either need direct marine access to offload the beams into barges in the river or nearby 
access to a barge slip.  Construction of the beams could also be performed on the decks of 
barges.  Several methods are available to install the box beams onto the support cells.  A 
temporary lifting frame could be attached to the cells or a high barge lifting crane could be used.  
Figure 13.5-A shows the erection of the box beams at London Locks using a barge mounted A-
Frame lifting frame.   
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FIGURE 13.5-A – Erection of Box Beams for Upper Guard Wall (London Locks and 

Dam) 
 
13.5.2 Floating Pontoons 
 

A floating concrete box structure (pontoon) with intermediate transverse bulkheads will be 
fabricated at a dry-dock facility and floated to the project site.  The location and size 
requirements for the dry-dock will be investigated during the next project phase after the 
completion of the feasibility level study. 
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14. FLOOD EMERGENCY PLANS  
 

Flood emergency plans for safety during construction operations will be developed during 
future design phases. 



UPPER OHIO NAVIGATION STUDY                 Engineering Appendix  
 

 
 
 

 
EMSWORTH SITE APPENDIX                            Page 15-1 

15. CONSTRUCTION MATERIALS 
 
15.1 CONCRETE MATERIALS 
 

A Construction Materials Design Memorandum will be prepared for future design phases and 
will address the design, as well as the sources and suitability of the various types and quantities 
of materials, required for the constructing the new locks.  The acceptability of these materials 
from various project-area sources will be determined.  Sources will be evaluated based on their 
quality, availability, production capacity and economics.  A summary of test results, cost 
comparisons, and detailed laboratory test results will be provided in future project phases.  
Additional aggregate testing will be necessary at the quarries to determine approval of the 
source.  During that stage of design, additional quarries will be added to the list for evaluation.  
The list of quarries and material sources in Table 15.1-A is only intended to demonstrate that 
materials are available in sufficient quantities and at competitive prices so that availability of 
materials does not unduly influence the cost of the project.   

 

TABLE 15.1-A – Active Concrete Material Sources 

Type Company Name Quarry Name Quarry Location 
Fine Aggregate Martin Marietta 

Industries 
Dilles Bottom Plant Dilles Bottom, OH 

 Hanson Aggregates Davison New 
Kensington 

New Kensington, PA 

 Tri-State River Georgetown Georgetown, PA 
 Tri-State River Dredge 16, Martin 

Marietta 
Ohio River, Pike 
Island and New 
Cumberland Pools 

 Shelly Materials  Ohio River Racine, OH 
Coarse Aggregate Better Materials Corp Springfield Pike Connellsville, PA 
 Hanson Aggregates Whitney Whitney, PA 
 Latrobe Construction 

Company 
Longbridge Longbridge, PA 

 Coolsprings Stone 
Supply 

Collsprings Uniontown, PA 

 Medusa Aggregate 
Company 

West Pittsburg West Pittsburgh, PA 

 Quality Aggregates Boyers Boyers, PA 
Portland Cement 
ASTM C150 Type II 
LA 

Armstrong N/A Cabot, PA 

 Cemex N/A Wampam, PA 
Class F Flyash 
ASTM C618 

Hatfield N/A Masontown, PA 

 SEFA N/A Cumberland, TN 
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16. OPERATION AND MAINTENANCE 
 
 
16.1 GENERAL 
  

After completion of the new lock chamber(s), operation and maintenance of the facility will 
continue to follow current policy and guidance.  Additional information and recommendations 
are provided below for specific new structures.  These recommendations are dependent on the 
overall layout, design, and operating experience and are, therefore, subject to revision during 
final design. 
 
 
16.2 MITER GATE 
 

Periodic maintenance such as lubricating, resealing and repainting will need to be performed 
in accordance with current guidelines.  It is anticipated that a passive cathodic protection 
(sacrificial magnesium marine anodes) will be included in the design of the miter gates.  The 
magnesium anodes should be periodically inspected (approximately once a year) and replaced 
(approximately once every ten years).  For ease of replacement, it is recommended that these 
anodes be mounted on threaded studs which are welded to the gate.  Inspection and replacement 
procedures and schedules should be included in the Operations and Maintenance Manual. 
 
 
16.3 LOCK WALLS 
 

Maintenance of the new lock walls will be comparable to maintenance of the existing lock 
walls.  Periodic painting of wall armor and other lock wall appurtenances will be required.  
Inspection and maintenance should follow procedures and schedules set forth in the current 
Operations and Maintenance Manual. 
 
16.3.1 Bulkhead Slots 
 

Bulkhead slots will be fabricated from carbon steel and painted to control corrosion.  
Periodic maintenance, such as repainting, will need to be performed.  Repainting will be limited 
to the portions of the slots which are above low water.  Periodic repainting should follow 
procedures and schedules set forth in the Operations and Maintenance Manual. 
 
 
16.4 APPROACH WALLS 
 
16.4.1 Floating Guard Wall 
 

One proposed new approach wall will be composed of long floating pontoons, bounded by a 
fixed nose pier and a fixed pylon.  Several 4-foot diameter shafts will be positioned under the 
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floating pontoons as supports.  The supports are used when a section of a pontoon takes on water 
and sinks.    

 
It is anticipated that water flow patterns in the vicinity of these approach walls will naturally 

flush away silt accumulating below these walls.  This natural flushing will prevent the pontoons 
from bottoming out on the riverbed.  ERDC modeling, to be completed during future design 
phases, will provide valuable insight in assessing this silt flushing assumption.  Occasionally, 
root balls or other very large and substantial debris may sink into the riverbed below a pontoon.  
In order to avoid pontoon damage, local soundings may be required quarterly, and large debris 
removal (with the aid of draglines) may be required occasionally.  Frequency of soundings may 
be revised after sufficient operating experience has been gained. 

 
A cursory, overall visual inspection of the pontoon horizontal and vertical alignment should 

occur naturally, on a daily basis, as a result of normal lock operation.  If misalignment is noted 
during this visual inspection, lock personnel should investigate the cause promptly.  If leakage is 
suspected, compartments should be inspected and repaired, as necessary.  If lodged debris is 
suspected, inspection and debris removal should be performed.  

 
Pontoon fenders should be inspected in place every year, unless this frequency is found to be 

unwarranted based on initial experience.  Occasionally, a minor amount of debris removal may 
also be required from this area between the pontoon and the fixed nose pier and pylon structures. 

 
Every two years, a thorough inspection of the pontoon compartments is recommended.  All 

compartments should be visually checked for water leakage, without entering them, by looking 
through the access ports and hatches.  Also, at this time, the seals in the access openings should 
be cleaned and coated with silicone, if needed.  Five percent to ten percent of all compartments, 
fifty percent of all segments of joint compartments, and all compartments suspected of leakage 
should be entered, thoroughly inspected, and repaired as necessary.  Again, inspection frequency 
may be revised based on experience gained by lock personnel. 

 
The pontoon wall armor, line hooks, timber heads, and ladder recess armor will require 

periodic painting, comparable to the painting requirements for the existing approach walls. 
 
16.4.2 Approach Walls – Fixed Walls 
 

The operation and maintenance requirements for the new fixed walls closely resembles those 
of the existing fixed walls and lock walls, and therefore will be discussed only briefly.  Precast 
and cast-in-place concrete elements are durable and require minimal maintenance efforts.  Some 
of the approach walls may have skirting panels hung from the stacked precast box beams in 
order to provide flow control.  Very infrequent reattachment or replacement of skirting panels 
may be required.  Periodic indirect inspection of the skirting panels may be accomplished by 
measuring the variation of flow velocity (using a vane anemometer or other measuring device) 
along the length of the approach walls.  A sudden change in velocity may indicate a damaged or 
missing skirting panel.  If further inspection is warranted, a diver or remote camera may then be 
required.   

 



UPPER OHIO NAVIGATION STUDY                 Engineering Appendix  
  

 
 
 

 
EMSWORTH SITE APPENDIX                            Page 16-3 

Access to cell supports exposed to the elements is limited and they should be designed with a 
corrosion and abrasion allowance commensurate with the design life of the facility.  Little 
maintenance is anticipated for the stainless steel fasteners and other galvanized hardware and 
parts such as handrails, ladders and the like. 

 
The mooring features, ladder recess armor, and bands of wall armor will be maintained 

following policy and guidelines established for the existing facility.  The cap beam supports the 
electrical features including light poles, and provide staff access.  Damage to these features may 
occur during extreme flood events above the max operating pool.  Cleanup and repair may be 
required. 

 
Potential for sediment deposition in the navigation channel in proximity to the fixed wall still 

needs to be investigated.  Remedial techniques would include dredging.  The requirement for this 
or other techniques may be further scrutinized in the final design in the light of the hydraulic 
testing performed by ERDC. 
 
 
16.5 FILL/EMPTYING SYSTEM 
 
16.5.1 Tainter Valves 
 

Periodic repainting of the exposed portion of the embedded metal parts and carbon steel 
portions of the equipment will be required.  Inspection and repainting should follow procedures 
and schedules set forth in the current Operations and Maintenance Manual. 
 
16.5.2 Slide Gates 
 

The maintenance on a slide gate is minimal but is important.  A non-rising stem actuator is 
being planned for installation.  Because the threaded part of the stem is normally submerged, it is 
impossible to lubricate it.  Any debris rubbish jamming into the thread creates wear and makes 
the gate very difficult to operate.  Inspection and maintenance procedures should follow the gate 
manufacturer’s recommendations and be included in the Operations and Maintenance Manual.  
There are grease fittings on the manual and electric screw stem hoists and these should be 
lubricated at least every six months.  No other regular maintenance is required.   
 
 
16.6 POOL MAINTENANCE AND DREDGING 
 

The completed 800-ft or 1200-ft long lock chamber replacements will increase the footprint 
of the lock structure and may change the existing flow patterns somewhat, but it will not change 
the existing permanent pool.  During future design phases, the Engineer Research and 
Development Center (ERDC) will perform studies to examine flow patterns and also to evaluate 
the need for excavation of any of the banks in order to improve the approach channels.  If it is 
found that bank excavation is required, then maintenance dredging of the area may be required.  
Requirements specific to the new approach walls were addressed in Section 16.4.  The new valve 
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intake structures will require periodic debris removal.  All other dredging and debris 
requirements are anticipated to be comparable to those set forth in the current Operations and 
Maintenance Manual. 
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17. COST ESTIMATES 
 
 
17.1 METHODOLOGY 
 
17.1.1 Cost Methodology 

17.1.1.1 General 
 
A.   Screening Level Estimates 
 
The Screening Level Estimates for option selection were prepared to an equivalent price 

level of October 1, 2009.  The unit prices used for these estimates were developed from recent 
Independent Government Estimates (IGE’s) for similar types of work, supplemented by unit 
prices developed using MII specifically for this project, and updated prices for similar items of 
work from previous projects.  In general, these prices included the considerations described 
herein for the Feasibility Level Estimate.  The primary IGE’s used for development of unit prices 
were Charleroi Locks and Dam, Contract 1 (River Wall), Charleroi Locks and Dam, Upper and 
Lower Guard Wall, Emsworth Locks and Dams Main Channel Rehabilitation, and Emsworth 
Locks and Dam, Back Channel Left Abutment Stabilization.  The IGE costs were adjusted to add 
profit and account for General Requirements work not specifically included in the estimates.  
The primary MII estimates used for development of unit prices were the Total Project Cost 
estimates for Charleroi Locks and Dam, Completion of River Chamber and Charleroi Locks and 
Dam, Land Chamber.  The Charleroi Total Project Cost estimates were October 1, 2009 cost 
level and complied with the procedures contained herein for development of the Feasibility 
Level Estimate.  Where screening level estimate assumptions differ from those for the Feasibility 
Level Estimate, the differences are described for each feature. 

 
Unit prices were developed from the various sources for the specific items of work in the 

screening level estimates.  Unit prices were adjusted to account for general requirements not 
included in Contractor’s overhead items and profit where information was obtained from 
Independent Government Estimates without profit. 

 
Contingencies for the Screening Level Estimates were determined on an item by item 

basis related to the uncertainty associated with each item.  The Cost Risk Analyses performed in 
2008 for the Charleroi Locks construction project determined a total cost contingency of 24.59% 
for the Land Chamber and River Chamber.  Normal design variances are expected.  Although a 
normal contingency value of 20% would be consistent with UFC 3-700-02A, Table 13.1 for this 
phase of project development, a contingency value of 25% was generally used, based on the 
Charleroi Locks and Dam Cost Risk Analysis and the reliance on previously prepared estimates 
from Charleroi Locks and Dam for the screening level estimates.   Contingency values for 
individual line items varied based on assumed potential for variation in quantities, construction 
methods and material costs as identified during development of the draft Risk Register.  
Contingencies on estimated costs based on recent bid results for similar work were reduced. 
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Screening Level Estimates were prepared for each of the options for new lock construction 

(all options).  Costs for scheduled and emergency repairs (Options 4, 5, 6, 7 and 8) used for 
development of Event Trees for economic analysis were also based on unit prices developed in 
the same manner.  The event tree repair costs are not included in with the Project Total Project 
Cost. 

 
B.   Feasibility Level Estimate 
 
The preparation of the Feasibility Level Estimate (CWE) for the recommended plan was in 

accordance with guidelines and policies included in “ER 1110-1-1300 – Cost Engineering Policy 
and General Requirements” dated 26 March 1993, “ER 1110-2-1302 – Engineering and Design – 
Civil Works Cost Engineering” dated 15 September 2008, UFC 3-700-02A – Construction Cost 
Estimates” dated 01 March 2005, and “ETL 1110-2-573, Construction Cost Estimating Guide for 
Civil Works” dated 30 September 2008.  The Baseline Cost Estimate was prepared using 
Microcomputer Aided Cost Estimating System (MII), Version 4.2 by applying crews to work 
items and obtaining material and supply quotes from respective vendors/contractors where 
possible for significant cost items.  The estimate was completed using the Works Breakdown 
Structure in MII Project Template Civil v4.  The Feasibility Estimate was updated in Summer 
2014. 

17.1.1.2 Direct Costs 
 
Direct costs for the feasibility level estimate are based on anticipated equipment, labor and 

materials necessary to construct this type of lock and historical costs from other lock and dam 
projects in the area including ongoing rehabilitation of Emsworth Dams, and construction of 
Charleroi Locks and Dam.  Historical cost references have been used to develop anticipated 
costs for those portions of the lock construction where design information is not yet developed. 
Direct costs have been calculated independent of the Contractor assigned to perform the tasks.  
Following formulation of the direct cost a determination has been made as to whether the work is 
performed by the Prime Contractor or a Subcontractor.  The markups associated with the Prime 
Contractor and Subcontractors are discussed below in “Indirect Costs”. 

17.1.1.3 Indirect Costs 
 
Costs for the various indirect costs for the feasibility level estimate have been developed in 

accordance with the following: 
 
A.   Prime Contractor 
 
(1)   Field Overhead 
 
The indirect costs for field overhead have been included based on plant, equipment, and 

facilities assumed to be required to construct the new lock.   These indirect costs represent the 
anticipated prime contractor field overhead costs for such items as project supervision and office 
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personnel, contractor quality control, contractor field office facilities and supplies, utilities, 
security, field office site preparation and cleanup, operation and maintenance of temporary 
facilities, personal protective equipment, transportation and other equipment not chargeable to 
specific items of work, site security, permits and licenses, insurance, and other costs related to 
the field work.  Field Overhead costs have been developed based on overhead items used for 
similar construction projects, adapted as necessary for contract duration and construction 
methods assumed for this project. 

 
(2)   Home Office Overhead 
 
The CWE estimate includes a percentage applied as 8% of direct cost for home office 

overhead expense.  Home office overhead includes such items as office rental/ownership costs, 
utilities, office equipment ownership/maintenance, office staff (managers, accountants, clerical, 
etc.), insurance, and miscellaneous.  The home office overhead rate is based in part on audit 
reports for similar size and type of construction projects in the area. 

 
(3)   Profit 
 
Profit for the Feasibility Level estimate has been calculated using 8.75% to cover the 

contractors return on investment and to cover the contractor’s risk.  This profit rate was 
determined by weighted guidelines method using an assumed contract cost of $400,000,000 and 
a contract time of 6 years.  The project size and contract duration have their maximum respective 
weights in the weighted guidelines method and anticipated variation from these values will not 
affect the calculated profit rate. 

 
(4)   Bonds 
 
The Prime Contractor’s Payment and Performance Bond cost have been calculated using the 

Class B bond table in MII .  The bond table uses a decreasing percentage of cost based 
upon graduated project cost methodology. 

 
B.   Subcontractors 
 
The following procedures have been used to calculate overhead and profit for subcontractors, 

except where subcontractor quotes are used, in which case the overhead and profit have been 
included in the quoted price. 

 
(1)   Overhead 
 
All subcontractor markups have been set to 15% of direct cost to account for the combined 

markups for field overhead and home office overhead.  Subcontractor bond costs have been 
calculated using the MII Class B bond table.  The exception is where a vendor or subcontractor 
has provided a quoted price including overhead. For discussion of these costs see the appropriate 
sections under 17.1.1.3 A. 
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(2)   Profit 
 
All subcontractor profit margins have been set to 10% of direct cost.  For discussion of these 

costs see the appropriate sections under 17.1.1.3 A. 

17.1.1.4 Labor Wage Determination 
 
The feasibility level cost estimate used Pennsylvania Davis Bacon Wage Rates for Beaver 

County.  The current wage rates as published in General Decision PA140004, Mod 13 dated 
06/27/2014 (Heavy), and PA140001, Mod 9, 07/04/2014 (Building).  Because many of the 
Heavy rates were the same as, or higher than the Building rates, and because several of the 
Building rates were used in MII English Cost Book items that were used for minor components 
of the civil work, Heavy rates were used for all labor for the Feasibility Level cost estimates.  
These rates are effective for the October 1, 2012 price level.  Long Shore and Harbor Workers’ 
(LS&H) wage modifiers have been assumed to be applicable for work on and over the water.  
The Long Shore and Harbor Workers’ factor has been applied at a rate of 65% to the appropriate 
contractor’s Payroll Tax and Insurance items.  Because the majority of the work is assumed to be 
performed from floating plant and/or in close proximity to the Navigation Channel, it s assumed 
that all work will have LS&H wage modifiers applied.  The only exception is site work away 
from the river for which separate subcontractors, without the LS&H factor, has been used. 

17.1.1.5 Equipment Costs 
 
The feasibility level cost estimate used 2011 EP Region 1 Version 2 Equipment Library for 

MII.  Fuel prices and electricty were adjusted using U.S. Department of Energy, Energy 
Information Administration rates for 07/14/2014.   

17.1.1.6 Crews 
 
Project specific crews have been developed for use in estimating the direct costs of 

construction for those items not estimated using quotes or historical cost information.   Crew 
members consist of selected complements of labor classifications and equipment pieces 
combined to perform specific tasks.  Productivity has been assigned to each crew reflective of 
the expected output per unit of measure for the specific activities listed in the cost estimate.  The 
default crew productivity for all crews is one (1.0), representing one hour of productivity for 
every one-hour work period.  Where production rates are based on historical data, it is assumed 
that crew productivity has been included in determining these rates. 

17.1.1.7 Quantities 
 
The quantity takeoffs have been provided by the Pittsburgh District Navigation Design 

Branch and Dam Safety, Hydraulics and Hydrology Branch. Additional quantities required to 
provide the detail necessary for preparation of the estimate were computed by Technical Design 
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Section as necessary.  Quantities have been independently checked and are assumed to be 
reasonable for the current level of design. 

17.1.1.8 Rational For Contingency Values 
 
Contingencies have been included to cover anticipated cost increases due to design 

incompleteness at the option selection level, detail changes, potential quantity increases, 
unknowns, and associated costing inaccuracy. 

 
Contingencies for the Feasibility Level Estimate have been determined based on a Cost and 

Schedule Risk Analysis in accordance with EC Bulletin No. 2007-17 and “ER 1110-2-1302 – 
Engineering and Design – Civil Works Cost Engineering” dated 15 September 2008.  The draft 
risk register was prepared in January 2010 under the guidance of a facilitator from the Cost 
Engineering Mandatory of Expertise in Walla Walla District.  The Cost and Schedule Risk 
Analysis was conducted in spring 2011, and was reviewed and certified by the Cost MCX on 05 
May 2011.  The CSRA was updated in spring 2012 and again in summer 2014 and recertified by 
the Cost MCX.  The Risk Report is included as Attachment D.  Some of the factors considered
in the Cost risk analyses include availability and cost of labor, equipment and materials, 
unforeseen site conditions, variations in elevation and condition of rock, use of secondary 
instead of primary batch plant/laydown area, acquisition strategy, and additional requirements 
or restrictions imposed by other agencies.  The Cost and Schedule Risk Analysis is more fully 
described in paragraph 17.3.4 Cost and Schedule Risk Analysis. 

17.1.1.9 Fully Funded Cost Estimate 
 

The fully funded cost estimate has been developed assuming efficient funding for the project, 
permitting the majority of the new construction to be performed under a single contract. 

 
The Fully Funded Cost Estimate for the Feasibility Report has been developed using the 

guidance in ETL 1110-2-573 “Construction Cost Estimating Guide for Civil Works”. 
 
Please see paragraph 17.3.5 for more information. 

17.1.1.10 Major Assumptions Made In the Cost Estimate 
 
The following are the major assumptions made in preparing the cost estimate: 
 

1. The construction will proceed in accordance with the General Construction Sequence 
shown on the drawings. 

2. The upstream and downstream portions of the River Wall and most of the Middle 
Wall for the new Main Chamber will be constructed in the wet using cofferbox 
construction. 

3. The central portion of the River Wall and remaining portions of the Middle Wall for 
the new Main Chamber, as well as the dam modifications will be constructed in the 
dry using steel sheet pile cofferdams and closures. 
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4. The Upper and Lower Guard and Guide Walls will be constructed in the wet. 
5. No Real Estate would be needed to construct the new lock, however, Real Estate will 

be required for concrete batch plant and contractor’s laydown area. 
6. The primary Batch Plant/Laydown Area, as designated on the drawings, will be used. 
7. The project account “30 Engineering & Design” have been developed from each 

branch for the Construction Cost estimate. 
8. The project account “31 Construction Management (Supervision & Administration)” 

have been developed from Construction Branch for the Construction Cost estimate. 
 

17.1.2 Project Cost Accounts 
 
The Emsworth Lock Construction project contains the following feature accounts: 

17.1.2.1 (01)  Lands and Damages 
 

Real Estate costs for this project have been developed by estimating the cost to acquire lands 
for the batch plant, laydown, and access areas at the primary sites. These costs include the 
mapping, legal descriptions, value of the lands, negotiating process, condemnation, certifying 
real estate, and real estate administration costs. A contingency has been added to the value of the 
lands only based on price trends of real estate in the area. 
 

Costs have been included for Federal real estate activities for the onsite concrete batch plant 
and for contractor laydown and storage area.  No additional costs are anticipated for access to the 
work areas.  Existing access will be utilized.  Access for performance of the work will be from 
the navigable waterway and via existing access roads. 

17.1.2.2 (02) Relocations 
 
No relocation costs are anticipated in connection with this project because the new 

construction will be within the limits of the existing project. 
 

17.1.2.3 (04) Dams 
 
Because the location of the new main lock chamber is riverward of the existing main lock 

chamber, it will be necessary to modify the existing dam.  The costs for dam modifications will 
include demolition of the existing fixed crest dam weir, one dam pier, one dam vertical lift gate, 
one service bridge span, and a portion of the dam apron and associated scour protection and 
construction of a new filler section between the new River Wall and the existing Dam Pier No. 2 
and replacement of the dam apron and scour protection in the area of the dam cofferdam upon 
completion of construction.   
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17.1.2.4 (05) Lock Construction 
 
The costs for the lock construction will include demolition of the existing auxiliary lock 

chamber and construction of a new 110’ wide main lock chamber using a combination of in-the-
wet and in-the-dry construction techniques. The scope of work and costs associated with the 
construction are as described in the body of this Chapter. 

17.1.2.5 (06) Fish & Wildlife Facilities 
 
The costs for fish and wildlife mitigation, terrestrial mitigation, adaptive management, and 

monitoring of mitigation features are included in the estimate.  Preliminary conceptual designs 
for separate fish passage structures have been determined to be not feasible for technical reasons.  
The possibility of incorporating design modifications for fish passages into  the lock chamber 
and dam modification will be included in the Planning, Engineering, and Design phase of the 
project.  Costs for these environmentally sustainable design features are based on the information 
contained in paragraphs 4.8.8.7 and 5.1.4.4 of the main Feasibility Report and described in the 
Environmental Appendix.  

17.1.2.6 (18) Cultural Resources 
 

The costs for cultural resources mitigation are included in the estimate.  Costs for cultural 
resources mitigation are based on the information contained in paragraphs and 5.1.4.2 of the 
main Feasibility Report and described in the Cultural Resources Appendix.  

17.1.2.7 (19)  Buildings, Grounds, and Utilities 
 
This cost includes construction of a new Control Tower on the new Middle Wall for 

operation of the new lock facilities and construction of new control shelters on the new Middle 
Wall.  The costs for these facilities are based on proposed construction of similar structures at 
Charleroi Locks and Dam, Monongahela River. Coordination of the existing landward chamber 
utilities and control systems with the new riverward Main Chamber utility and control systems 
will be investigated during the Planning, Engineering, and Design phase of the project. 

17.1.2.8 (30)  Planning, Engineering, and Design 
 
Planning, Engineering and Design costs includes project planning, preliminary and final 

design, preparation of plans and specifications, engineering support during contract 
advertisement, contracting activities prior to award, including presolicitation, solicitation, and 
award,  and engineering during construction.  The costs include in-house labor, A-E contracts, 
material and facility account costs, additional studies, and related costs.  The costs are assumed 
to be 15% of the construction costs.  This percentage was determined by the Project Design 
Team and district resource providers based on the results of similar projects in the region.  
Although general PED costs have been developed based on a percentage of construction cost, the 
following specific items are included in this percentage: 
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• Real Estate Administrative Costs
• Physical Modeling (Navigation) 
• Geotechnical Investigation  
• Filling and Emptying System Modeling 
• Plan Formulation and Economics, including biological studies, 

additional physical modeling, and archaeological and geomorphology studies 

17.1.2.9 (31)  Construction Management 
 
Construction management costs include all activities from pre-award through final contract 

closeout.  This includes coordination during design, and constructability reviews, supervision, 
construction administration, technical management activities, and District office supervision and 
administration costs.  The cost for this account is based on 10 percent of the construction as 
requested by Construction Branch. 

 
17.2 PROJECT DESCRIPTION 
 
17.2.1 Lock Chambers 

17.2.1.1 Mobilization, Demobilization and Preparatory Work 
 
A.   Mobilization and Demobilization 
 
The contractor will mobilize the equipment and construct the plant that will support the 

construction of the new lock. This includes necessary site clearing and grubbing and construction 
of the site staging, concrete batch plant, and field offices to support construction of the project.  
This also includes demolition of existing structures and equipment and demobilization of plant 
and equipment upon completion of construction. 

 
Mobilization, demobilization and preparatory work costs for the feasibility level estimate 

have been developed using the detailed plant, equipment, and facilities assumed to be required 
for the construction.  Additional interim mobilization and demobilization of floating plant and 
associated items have been included for high water events during the construction period. 

 
B.   Concrete Batch Plant and Associated Work 
 
A concrete batch plant will be required to produce concrete for the various features of the 

lock construction and dam modifications.  The batch plant and associated facilities are assumed 
to be located as shown on the drawings.  .  It is assumed that the Contractor will be required to 
purchase a new batch plant with appropriate auxiliary equipment and facilities, erect the 
equipment at the project, operate and maintain the equipment, and remove it upon completion of 
work.  Based on the ongoing work at Charleroi Locks and Dam, Monongahela River, it is 
anticipated that the batch plant facility will consist of the following: 
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1. Semi-automatic batch plant with a rated capacity of 150 cubic yards per hour 
2. Aggregate loading hoppers, washer, re-screener, weigh hoppers, and automatic 

aggregate sampler 
3. Water chiller 
4. Ice house 
5. Cementitious material weigh hoppers 
6. Admixture dispensers 
7. Mixing Drums 
8. Material Conveyors 
9. Sediment ponds 
10. Equipment for monitoring and adjusting pH of effluent 
11. Truck wash facilities 
12. Waste water and dust collection facilities 
13. Conveyors to transport materials within the plant area 
14. Covered conveyors to transport concrete from the batch plant to the placement area, 

including splash pans, intermediate transfer points, and facilities to clean and 
maintain the conveyors and collect wash materials. 

 
Since the concrete batch plant is located at the proposed laydown area, the estimate for the 

batch plant and associated work includes all site work for this area. 
 
Upon completion of the work, the batch plant and auxiliary equipment will be removed and 

the site will be restored to preconstruction conditions.  A similar batch plant and conveyor 
system was purchased by the Government for use by the various construction contractors at 
Charleroi Locks and Dam. 

 
C.   Demolition 
 
Demolition of existing equipment will be performed prior to removal of concrete.  Removal 

of concrete will be performed by both explosive and non-explosive methods, depending on the 
particular structure involved and proximity to other structures.  Removal at cofferdam locations 
and outside the cofferdam will be performed from floating plant.  Disposal of debris is assumed 
to be at properly permitted, commercially available facilities for this estimate.  Transportation of 
debris will be via barge to an offloading area, from which the debris will be transferred to trucks 
for hauling to the disposal facility.  Further investigation will be made into beneficial use of 
excavated materials and debris during the Planning, Engineering and Design phase of the 
project. 

17.2.1.2 Drainage  
 
Since the land portion of the project will be affected only by construction of temporary 

operating facilities for the landward chamber, no new drainage features are anticipated. 
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17.2.1.3 Care and Diversion of Water 
 
The upstream and downstream ends of the River Wall and the majority of the Middle Wall 

monoliths will be constructed using cofferboxes.  The remainder of the walls and chamber 
facilities will be constructed in the dry using sheet pile cell cofferdams and closure sections 
designed by the Corps of Engineers.  The upstream and downstream Guard Walls will be 
constructed in-the-wet.  Costs for these features have been developed in the same manner as 
costs for similar features for Charleroi Locks and Dam and have been verified by actual 
Charleroi bid prices where applicable. 

17.2.1.4 Permanent Access Roads & Parking 
 
No costs are included for new access roads and parking.  Existing facilities will be used for 

the new structures.  Existing access roads will be restored upon completion of the work. 

17.2.1.5 Buildings, Project Operations 
 
The Control Shelters and Control Tower design are similar to those designed for Charleroi 

Locks and Dam.  The costs developed for Charleroi structures have been updated for these 
structures 

17.2.1.6 Earthwork for Structures 
 
A.   Underwater Overburden Excavation 
 
Excavation of underwater overburden will be required within the cofferboxes and along the 

entire length of the Guard Walls, as well as for the emptying basin.  Excavation for the Guard 
Walls will consist of pre-excavation to a fixed elevation to permit construction of the guard wall 
elements.  Excavation for the cofferboxes will initially consist of pre-excavation so that 12 feet 
of overburden remains to construct the cofferboxes.  After construction of the cofferboxes and 
Upper Guard Wall Nose Cell, the overburden within the cofferbox and nose cells will be 
excavated to top of rock.  Excavation in the footprint of the Emptying Basin will be excavated to 
top of rock.  The costs have been developed assuming that this work would be performed using 
floating cranes and clamshell buckets, supplemented by air lift where necessary to clean the rock 
surface. 

 
B.   Underwater Rock Excavation 
 
Excavation of rock underwater will be required for the River Wall in the vicinity of the River 

Chamber filling and emptying culvert emptying basin, River Wall culvert monolith, and gate 
monoliths.  The costs have been developed assuming that this work would be performed using 
floating hydraulic excavator with extended reach and hydraulic hammer to break up the rock. 
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C.   In-The-Dry Excavation 
 
Excavation of overburden and rock for the chamber sills, filling and emptying culverts, and 

other work to be performed within dewatered areas will be performed using conventional 
excavating equipment.  Saw cutting and rock trenching will be used where required for vertical 
rock faces.  Excavation of rock for the lock chamber sills is assumed to be by non-explosive 
methods.  Excavation of rock for the filling and emptying culvert is assumed to be by ripping.  
Exposed rock surfaces will be cleaned to remove loose materials and weathered rock, and to 
provide a sound foundation for concrete. 

 
D.   Excavation for Drilled Shafts 
 
Overburden and rock excavation associated with the construction of the drilled shafts 

(serving as deep foundations for the lock walls, nose pier and lock pylon) will be accomplished 
by specialty contractors using equipment appropriate for the efficient performance of the work. 

 
E.   Disposal 
 
Disposal of excavated material and debris is assumed to be at properly permitted, 

commercially available facilities for this estimate.  Since land access to the work areas is limited, 
excavated material and debris will be transported by barge to an offloading area, at which point 
the material will be transferred to trucks for hauling to the approved disposal facilities.  An 
investigation of available disposal facilities was prepared during the alternate formulation phase.  
The results of this investigation were used in determining the location and disposal costs of the 
proposed facility for estimating purposes. A determination will be made during the Planning, 
Engineering and Design phase, based on availability of suitable site(s) and relative cost of 
disposal, on investigating development of a Government-furnished disposal area specifically for 
this project.  Further investigation may also be made into beneficial use of excavated materials 
and debris. 

17.2.1.7 Approach Channels 
 
No costs are included for dredging of approach channels because the new lock structures will 

be in the same area as the existing lock structures. 
 

17.2.1.8 Lock Gates & Operating Machinery, Upper & Lower 
 
New lock miter gates will be horizontally framed similar to gates which were recently 

purchased for Pike Island Locks and Dam and New Cumberland Locks and Dam.  Although 
design of the new gates is not complete, it is assumed that the gates will be similar to those 
recently purchased and costs were developed accordingly.  The lock gate operating machinery 
will consist of directly connected hydraulic cylinders with packaged hydraulic systems at each 
gate leave anchorage location.  Costs have been developed based on a similar design for 
Charleroi Locks and Dam and vendor quotes for the hydraulic equipment.  Maintenance 
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bulkheads will be similar in construction to bulkheads recently purchased for Braddock Dam and 
Charleroi Locks and Dam.  Costs were developed based on these recent designs. 

 

17.2.1.9 Guide-Guard Walls, Upper & Lower 
 
A.   Upper Guard Wall 
 
The Upper Guard Wall consists of steel sheet pile cells and precast concrete beams, with 

precast concrete skirts supported by the beams.  The Upper Guard Wall has two stacked precast 
concrete beams.  Steel sheet pile cells have been used for several other Pittsburgh District 
projects, and precast beams are being used for the Charleroi Upper Guard Wall which is 
currently under construction.  Costs have been developed based on this design.  This wall will be 
constructed from the river using floating plant. 

 
B.   Lower Guard Wall 
 
The Lower Guard Wall consists of a floating pontoon constrained between a lock pylon at 

the downstream end of the River Wall and a Nose Pylon at the downstream end of the Lower 
Guard Wall.  The precast concrete pontoons will be constructed off-site and floated into position 
at the project.  A similar floating guard wall was designed for Charleroi Locks.  Although the 
floating wall is not being used at Charleroi Locks, the costs for this estimate were developed 
based on the estimate previously prepared for Charleroi Locks.  This wall will be constructed 
from the river using floating plant. 

17.2.1.10 Lock Structure 
 
A.   Cofferbox Construction 
 
Portions of the lock walls will be constructed in-the-wet using cofferboxes.  This 

construction method consists of constructing internally braced cofferbox sections, installing 
reinforced concrete drilled shafts, excavating overburden within the cofferbox, placing a tremie 
concrete seal at the bottom of the cofferbox, and dewatering the cofferbox.  The cofferboxes will 
be constructed to provide a working area five feet outside the monolith on both sides.  
Construction above the tremie seal will be performed using traditional concrete construction 
methods.  After completion of the concrete construction, the cofferbox walls and bracing will be 
removed.  This work will be performed from the river using floating plant.  This construction 
method is also being used for construction of the Charleroi Locks and Dam River Wall.  Costs 
have been developed based on the similar work at Charleroi.  Four separate cofferboxes will be 
required for construction of the upper and lower portions of the River Wall and Middle Wall.  
Because of the linear nature of construction using cofferboxes, it has been assumed that multiple 
crews will be used to permit work to be performed in multiple cofferboxes concurrently. 

 
Construction of interior portions of the lock walls, miter and bulkhead sills, filling and 

emptying culverts, chamber floor paving, and installation of lock operating equipment will be 
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performed within a dewatered cofferdam using conventional construction methods and 
equipment. 

 
 

     B.   Conventional Construction 
 

Construction of interior portions of the lock walls, miter and bulkhead sills, filling and 
emptying culverts, chamber floor paving, and installation of lock operating equipment will be 
performed within a dewatered cofferdam using conventional construction methods and 
equipment. 

 
C.   Drilled Shafts 
 
The drilled shaft foundation allows in-the-wet construction of the lock wall monoliths 

constructed in cofferboxes and the Lower Guard Wall nose and lock pylons.  The drilled shaft 
consists of a permanent steel casing containing a cage of reinforcing steel and tremie concrete.   
Drilled shafts without permanent casing are also used for the foundations of the monoliths 
constructed within the cofferdam.  Costs for the drilled shafts have been developed based on 
estimates for similar features at Braddock Dam and Charleroi Locks and Dam, verified by actual 
bid prices where applicable. 

 
D.   Materials 
 
Materials are assumed to be similar to those specified for construction of Braddock New 

Gated Dam and Charleroi Locks and Dam, New Lock Chambers.  Concrete mixes are assumed 
to be similar to those used for both of these previous projects.  Concrete will be delivered from 
the on-site batch plant to the placement areas using covered conveyors.  Costs for producing, 
transporting and placing concrete have been developed based on estimates for Charleroi Locks 
and Dam, verified by actual bid prices where applicable. 

17.2.1.11 Culvert Valves & Operating Machinery 
 
Culvert valves, bulkheads and operating machinery for the River Chamber are similar to 

those specified for Charleroi Locks, Monongahela River, except for size of individual 
components.  Valves, sluice liners and bulkheads similar to those proposed for the River 
Chamber have been purchased for Charleroi Locks.  Costs for these items have been developed 
based on the Charleroi estimates and bid prices.  Costs for operating machinery are based on 
vendor quotes. 

17.2.1.12 Piping System 
 
Hydraulic systems will be package units located at, or adjacent to, the operating locations, 

eliminating the need for hydraulic piping.  Piping systems will consist of compressed air and 
service water lines on the lock walls and sanitary water and sewage lines for the Control Tower.  
Costs have been developed based on similar systems at existing projects in the area. 
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17.2.1.13 Power and Lighting Systems 
 
Power supply and lighting systems, standby generator, and control systems will be similar to 

those at other projects in the area.  Costs have been developed based on crews and production 
rates used for estimates at other projects and quotes for materials and equipments.  Costs for 
temporary power service to maintain operation of the existing main lock chamber and dam 
during construction of the new River Chamber lock have been based on preliminary design of 
the temporary service.  

17.2.1.14 Associated General Items 
 
Associated general items includes guard fence, check posts, floating mooring bitts, line 

hooks, rabbet angles, cover plates and planking on the lock walls.  The costs for these items have 
been developed based on similar items used for previous lock rehabilitation and Charleroi lock 
construction. 

 
17.2.2 Dam Modification 

17.2.2.1 Mobilization, Demobilization and Preparatory Work 
 
Mobilization, demobilization and preparatory work for the dam is concurrent with, and has 

been included in, the mobilization, demobilization and preparatory work for the lock.  No 
additional plant, equipment or facilities will be required for the dam modification.  Demolition of 
existing equipment will be performed prior to removal of concrete.  Removal of concrete will be 
performed by non-explosive methods adjacent to existing structures which are to remain and by 
explosive methods where feasible.  Removal of debris will be performed from floating plant.  
Disposal of debris is assumed to be at properly permitted, commercially available facilities for 
this estimate.  Transportation of debris will be via barge to an offloading area, from which the 
debris will be transferred to trucks for hauling to the disposal facility.  Further investigation may 
also be made into beneficial use of excavated materials and debris 

17.2.2.2 Care and Diversion of Water 
 
The dam modifications will be constructed using sheet pile cell cofferdams and closure 

sections designed by the Corps of Engineers.  Since these cofferdams are also part of the 
cofferdam system for the lock construction, costs have been included with the lock cofferdams. 

17.2.2.3 Bridges, Superstructure and Deck 
 
The service bridge span will be fabricated of structural steel with an aluminum grating deck.  

For the purpose of this estimate it is assumed that the concrete will be constructed in the dry 
using conventional methods, and the bridge span will be fabricated off-site and installed on the 
completed dam piers. 
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17.2.2.4 Earthwork for Structures 
 
Excavation of overburden and rock for the dam modifications will be performed using 

conventional excavating equipment within the cofferdam. 

17.2.2.5 Apron-Stilling Basin-Deflectors 
 
Restoration of existing scour protection where it is disturbed by new construction will be in-

kind.  Costs have been developed based on the original construction. 

17.2.2.6 Gates, Stoplogs and Equipment 
 
The existing gate will be replaced with a concrete tie-in between the existing Pier No. 2 and 

the new River Wall.  No new gate or operating equipment will be provided 

17.2.2.7 Concrete Dam, Overflow Section 
 
Construction of the new gate sill will be conventional concrete construction methods within 

the cofferdam.  Materials are assumed to be similar to those specified for construction of 
Braddock New Gated Dam and Charleroi Locks and Dam, New Lock Chambers.  Concrete 
mixes are assumed to be similar to those used for both of these previous projects.  Concrete will 
be delivered from the on-site batch plant to the placement areas using covered conveyors.  Costs 
for producing, transporting and placing concrete have been developed based on estimates for 
Charleroi Locks and Dam, verified by actual bid prices where applicable. 

 
17.3 REPORT FINDINGS 
 
17.3.1 Cost Summaries 

 
Table 17.3-A presents the screening level cost summaries for each of the 9 options. Cost 

information to the sub-feature level can be found in Appendix D.  Detailed cost information (to 
the line item level) can be found in an electronic format on the diskettes, which accompany this 
report.  Note that the Total Costs for Options 4 through 9 include only costs of new construction; 
they do not include the costs of scheduled or emergency repairs required to maintain the 
auxiliary lock chamber in operation. 
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TABLE 17.3-A – Emsworth Lock Modernization Option Costs Summary 

Lock Modernization Option  
Total Cost 
(Rounded) 

1 – New Dual 110’ x 600’ Chambers $617,000,000 
2 – New 110’ x 800’ River Chamber 
and New 110’ x 600’ Land Chamber 

$704,000,000 

3 – New 110’ x 1,200’ River Chamber 
and New 110’ x 600’ Land Chamber 

$820,000,000 

4 –  New 110’ x 600’ River Chamber 
and Advance Maintenance Existing 
110’ x 600’ Land Chamber  

$435,000,000 

5 –  New 110’ x 800’ River Chamber 
and Advance Maintenance Existing 
110’ x 600’ Land Chamber  

$512,000,000 

6 –  New 110’ x 1,200’ River Chamber 
and Advance Maintenance Existing 
110’ x 600’ Land Chamber  

$628,000,000 

7–  New 110’ x 600’ River Chamber 
and Reactive Maintenance Existing 
110’ x 600’ Land Chamber  

$435,000,000 

8 –  New 110’ x 800’ River Chamber 
and Reactive Maintenance Existing 
110’ x 600’ Land Chamber  

$512,000,000 

9 –  New 110’ x 1,200’ River Chamber 
and Reactive Maintenance Existing 
110’ x 600’ Land Chamber  

$628,000,000 

Screening Level Estimates – October 2009 Price Level 
 

17.3.2 Vendor Quotes 
 
Vendor quotes have been obtained for various items of equipment and materials to support 

the Feasibility Level MCACES estimates.  Quotes used have been included with the Feasibility 
Level MCACES estimate. 

 
17.3.3 Quantity Review 

 
The quantity takeoffs have been provided by the Pittsburgh District Navigation Design 

Branch and Dam Safety, Hydraulics and Hydrology Branch, and checked for reasonableness.   
Additional detailed quantities required for preparation of the estimate have been prepared by the 
Technical Design Section of Navigation Design Branch as necessary.  All quantities have been 
independently checked and are assumed to be reasonable for the current level of design. 
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17.3.4 Cost and Schedule Risk Analysis (CSRA) 

 
The Cost and Schedule Risk Analysis (CSRA) has been created to establish the contingencies 

for the Feasibility Estimate, as well as identify any risks associated with the project.  This is an 
important step in the project study because it allows the PDT to identify, track, and mitigate any 
notable risks throughout the project.  It is critical that this study be carried throughout the life of 
the project to reduce the likelihood of major issues that could have otherwise been avoided. 

 
The draft risk register was prepared in January 2010 under the guidance of a facilitator from 

the Cost Engineering Mandatory of Expertise in Walla Walla District.  The Cost and Schedule 
Risk Analysis was conducted in spring 2011, and was reviewed and certified by the Cost MCX 
on 05 May 2011.  The CSRA was updated in spring 2012 and again in summer 2014 and 
recertified by the Cost MCX.  The ATR was conducted by Don Whitmore, LRH, and Jim 
Neubauer (Cost MCX), NWW, with a certification dated 08/026/2014. 

 
This section summarizes the Cost and Schedule Risk Analysis.  For a full report, please see 

Attachment D to this appendix. 
 
17.3.4.1 Cost and Schedule Risk Analysis Findings 

 
Table 17.3-B presents the results of the CSRA study.  The study researches and quantifies 

both the cost and schedule contingencies, and converts the schedule contingencies into dollar 
amounts based on hotel costs. 

 

TABLE 17.3-B – Cost and Schedule Risk Analysis Summary 

Location Baseline 
Estimate 

Constructi
on 

Duration 

Base Cost 
Contingency Schedule Contingency Total 

Contingency 
Cost % Months % Cost % Cost 

Emsworth $576M 84 mo $75M 13% 29 mo 
Ems
wort

h 

$576
M 84 mo $75M 

Dashields $630M 81 mo $85M 14% 28 mo Dash
ields 

$630
M 81 mo $85M 

Montgomery $606M 70 mo $88M 15% 27 mo 
Mont
gome

ry 

$606
M 70 mo $88M 

All numbers shown above are for Project Costs and Schedule. 
 

17.3.4.2 Notable Risk Features 
 
This section will briefly highlight the most significant risks associated with the project.  For a 

detailed summary of risks associated with the cost and schedule, please see the Cost and 
Schedule Risk Analysis Reports included in these appendices. 
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FUNDING CONSTRAINTS 
 

As mentioned throughout the risk report, funding risk was a major discussion point for the PDT.  
Funding constraints have been thoroughly researched during this study.  This section discusses 
this topic. 
 
When the Risk Register was developed, several funding risk events were identified.  When the 
risk model was created, and these events were further researched, it was found that funding 
constraints were a critical risk to both the project cost and schedule.  Not only were the impacts 
of these risks high, the probability is almost certain, and there correlation between funding and 
other risks was significant.  While researching the likely funding scenario, it was found that 
several key factors drove the funding stream, all of which were fairly uncertain.  These driving 
factors include: 

 The current and future status of the Inland Waterways Trust Fund 
 The availability of Congressional funding 
 The current status of other projects ahead of this project in terms of receiving funding 
 The possibility of other projects currently in the study phase moving ahead of this project 

in the funding list. 
 
While creating the cost and schedule models, assumptions had to be made to project potential 
impacts due to funding.  These assumptions tried to take into account the items listed above to 
try and accurately capture what a likely funding stream would look like.  Constraints in funding 
included both the start date of receiving funding, and the expected amount of funds received 
throughout the project. 
 
While these researching the impacts associated with the various funding risks, it was found that 
they had critical impacts on the contingency, and have significant effects on the other risk events. 
Because the risk model had to cover both short-term risks associated with concurrent 
construction (contractor availability, resource constraints, etc) as well as long-term risks 
associated with the expected long waits for funding and the long construction durations due to 
splitting up the projects into multiple contracts (lock failure, abnormal weather issues, years of 
abnormal inflation, competition with other projects, etc), funding was having a critical impact on 
the contingencies, and making the project appear uneconomical or beneficial.  These 
assumptions were also subject to scrutiny, in that everyone inside and outside the PDT involved 
in the discussions seemed to have a different opinion on funding, and this would likely be the 
case throughout the future reviews.  Ultimately, the PDT determined that inclusion of expected 
funding risks within the contingency development was justified, while funding risks that are both 
avoidable and critically economically unfavorable to the project should be excluded from the 
contingency. 
 
Funding risks which are captured within the contingency include: 
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a. Funding Delays Contract Award.  Concern: The actual start date is in question based on 
authorization and funding issues.  There are several other priority navigation projects 
competing for resources, priority, and funding.  Additionally, external factors can 
advance funding sooner or remove funding if it impacts prioritization.  Discussion: The 
PDT has acknowledged great concern over when the actual PED and construction could 
start as scheduled based on funding issues. This could significantly impact schedule and 
indirectly impact costs. There is little chance of starting sooner than base assumption.  
Upper Ohio is may likely be prioritized immediately behind Lower Monongahela, but 
there are ongoing needs and requirements throughout the nation, and other priority 
projects may arise. The WRDA 902 adjustment mitigates the cost “increase” due to 
inflation, so if the 3 contracts stay intact, moving their midpoint of construction (either 
due to delay of funding or staggering the projects) will be mitigated due to the WRDA 
902 adjustment. Since contingency is applied to the “Project First Cost”, which is at a 
constant dollar rate, adding in extra inflation would incorrectly escalate the project first 
cost. There are multiple causes, such as reprioritization of competing projects, lack of 
funding, political factors, etc. that all result in the same impact of delaying contract 
award.  Inflation beyond what is accounted for in the WRDA 902 adjustment is 
considered in events PR-1, PR-2 & PR-3.  The 2010 Inland Marine Transportation 
System Capital Projects Business Model recommended an emphasis on project 
completions rather than starts and recommended reinstating the use of the Continuing 
Contracts Clause or projects with multiple awardable options to allow for efficient 
completion, rather than current practices of incremental funding breaking up contracts.  
This risk event is correlated to many other risks, since the longer the project waits for 
funding, the higher the probability of time-related risks have of occurring.  Funding 
"caps" is considered elsewhere. 
 

b. Funding "Caps" Constrain Contractor Productivity.  Concern: Limits on the amount of 
funding available per fiscal year may limit contractor productivity or drive staggering of 
construction contracts.  Discussion: The baseline estimate and schedule assumes funding 
is available to support efficient concurrent construction of all three projects.  Based on 
current funding conditions, it is likely that the project will be constrained based on the 
projected revenue of the IWTF, and that the construction contracts will have to be 
staggered.  The PDT has been advised that roughly $150M per year may be the limit for 
the entire project. A funding cap of $150M per FY for the entire project would likely 
drive construction of the contracts to be staggered and may also limit the contracts in the 
peak production years (would impact no more than two years per project). Funding 
profile of baseline estimates plus 18-12% contingency indicates that each project would 
not individually exceed $150M in any year (including USACE labor), and only two years 
would be roughly $140M to $150M.  Therefore, funding caps on construction of each 
project individually would have minimal impacts. Additionally, staggering the projects 
has little impact on the project first cost (just move the midpoint of construction) and the 
impacts associated with later construction start (inflation, reg changes, etc) are considered 
in other risk events. 
 

c. Funding Stream Falters or Ends During Construction. Concern: The funding stream 
falters or ends during construction, causing delays, claims and potentially contract 
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termination.  Discussion: Based on the likelihood of not being able to fully fund the 
contract, awardable options or continuing contract clause will likely be required.  There 
are potential cost impacts due to this risk that include:  Termination for convenience, 
demobilization and remobilization, claims, inefficiencies, lost bonding capacity to bid 
other jobs, loss of skilled labor, loss of learning curve. 

 
Funding risks which are NOT captured within the contingency include: 
 

a. Funding Breaking Up Contracts. Concern: Incremental funding or the inability to use the 
Continuing Contracts Clause may result in having to break up the projects into multiple 
contracts.  Discussion: The base assumption is that each of the three lock projects will be 
completed under a single contract and efficiently funded once started.  This would require 
either fully funding the contracts, approving the use of the Continuing Contract Clause or 
using awardable options. If funding comes incrementally, or if the use of the CC clause 
or awardable options is not allowed, each of the three lock contracts may need to be 
broken into multiple contracts.  Breaking up contracts causes significant cost and 
schedule impacts due to the added costs of contractor overheads and construction 
management due to the extension of the in-construction duration.  However, due to the 
uncertainty and potential magnitude of this risk, and based on guidance provided through 
the IMTS Capital Projects Business Model, breaking up contracts is EXCLUDED from 
the contingency.  The IMTS CPBM states,  "The Corps seeks to start new construction 
only when it is reasonably sure that funding can be provided to enable efficient 
construction and completion. The Corps and the Board, through the new IMTS capital 
projects business model, will recommend new construction starts only when the program 
can afford to effectively and efficiently fund the project." 

 
The findings of this CSRA fully support the idea that all efforts should made to minimize the 
amount of time in construction, rather than starting small contracts to “chisel away” at 
completion of the project.  If funding cannot support concurrent construction, staggering the 
three contracts but keeping them intact is substantially more cost-effective when compared to 
breaking up the contracts.  Additionally, waiting to fund single contracts is significantly more 
economical than incrementally funding small projects.  The costs associated with contractor 
overheads, maintaining construction support facilities and permits as well as USACE labor for 
administering active contract are significantly higher than the costs associated with a project 
being in “standby” while waiting for funding. 

 
COST RISKS 
 
The following items were found in the CSRA model to be the most significant cost risks. 

 

1. CA-4 (Bid Competition) – The baseline estimate assumes that there will be adequate bid 
competition.  However, inadequate bid competition could also have significant cost impacts. 
Bid competition is always a risk on every project.  Based on the complexity, magnitude and 
duration of these projects, adequate bid competition is a substantial risk for the major 
projects of the River Chamber Completion and Land Chamber. 
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2. EST-3 (Estimate and Schedule Level of Detail) – In general, the PDT feels that the current 
estimates are conservative in their assumptions, and therefore have the potential to be more 
than what the actual costs will be.  Furthermore, due to the complexity of this project, and 
consequently the estimate, assumptions or minor errors made in the estimate can potentially 
result in fluctuations of millions of dollars. 

 

3. TL-1 (General Design Level) – The project is currently in the feasibility study stage.  
Therefore, the design details are at a preliminary level.  Costs may increase or decrease as 
costs are defined and as unforeseen changes occur. 

 

4. PR-8 (Funding Stream Falters or Ends During Construction) – This risk represents the 
cost of having to suspend or terminate the contractor for convenience due to inadequate 
funding.  Potential risks include: Termination for convenience, demobilization and 
remobilization, claims, inefficiencies, lost of bonding capacity to bid other jobs, loss of 
skilled labor, and loss of learning curve.  Funding assumptions are discussed further in 
section 7.3 of this report. 

 

5. CON-1 (Mods & Claims) – Contract modifications occur on all projects and have had 
significant cost and schedule impacts on similar projects in the past. 

 

6. CA-1 (Undefined Acquisition Plan) – Currently, the district has not finalized the 
acquisitions strategy for this project.  The Project Development Team (PDT) is assuming that 
Sealed Bid (Invitation for Bid) will be used, but believes there is a chance that Request for 
Proposal: Best Value Trade-Off could be used.  The PDT feels that the only reason that a 
trade-off strategy would be used is to add value, such as faster construction or a more 
experienced and qualified contractor.  The PDT feels that, at most, an additional 5% to 10% 
“premium” would be paid to add value or save time for this project. 

 

7. TL-4 (Design Criteria Changes) – Due to the potential long duration of waiting for funding, 
there is a risk that design criteria and code changes will drive design creep over time, 
resulting cost and schedule impacts. 

 
 
SCHEDULE RISKS 
 

Schedule contingency is divided into Pre-Award and Post-Award (during construction) risks.  
Pre-award risks are viewed as risks which delay the award of a contract, but may not have a 
substantial cost impact.  Post-award risks are risks which extend the durations of 
contracts/phases, and have substantial cost impacts associated with the delays. 
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The key pre-award schedule risk drivers identified through consolidation of the sensitivity 
analyses of all the remaining contracts are: 

 
1. PR-1 (Funding Delay Contract Award) – Unquestionably the highest pre-award risk, this 

risk evaluates the delays to the contract award date due to funding delays.  Delays to starting 
the construction contract result in higher "maintenance" costs associated with keeping project 
ready to advertise and keeping permits ready.  Delays to start also increase likelihood of 
other risk events occurring.  Delays to starting construction also relate to other time-sensitive 
risks, such as high inflation and design criteria changes.  With all this in mind, the cost 
impacts associated with waiting for funding are miniscule when compared to funding impacts 
on acquisition strategy (duration of construction).  This risk represents approximately 85% of 
the total pre-award schedule contingencies.  

 
The key post-award schedule risk drivers identified through the sensitivity analysis are: 

 

1. EST-4 (Shift Assumptions) – Shift and overtime assumptions greatly impact the duration of 
construction. 
 

2. CON-3 (Contractor Efficiency) – The contractor may be either more or less efficient that 
the government estimate. 
 

3. EST-4 (Estimate and Schedule Level of Detail) – Similar to the cost risk, the complexity of 
this project and consequently the schedule allows assumptions or minor errors made in the 
schedule to translate into fluctuations of several months in the schedule. 
 

4. EST-5 (Productivity Assumptions) – Productivity assumptions in Estimate & Schedule 
may have significant impacts when compared to what Contractors will assume. 
 

5. PPM-1 (Scope Changes Post-Authorization) – Changes to project scope (within the 
authorized scope) could potentially impact cost and schedule. 
 

6. PR-8 (Funding “Caps” Constrain Contractor Productivity) – Limits on the amount of 
funding available per fiscal year may limit contractor productivity or drive staggering of 
construction contracts. 
 

 
For more information on this risk event, as well as other risks studied, please see Attachment 

D to this appendix. 
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17.3.5 Fully Funded Estimate 
 
The fully funded cost estimate utilizes index projections as developed from the OMB factors 

as referenced in publication EM 1110-2-1304 Appendix A published March 2014, except for 30 
and 31 Accounts which use index factors from the Total Project Cost Summary released by the 
USACE Cost MCX in April 2014. The Government provided general project schedule in the 
Main Report has been used in developing the fully funded cost estimates. 

 
The Total Project Cost was developed using the Total Project Cost Worksheet recommended 

by the USACE Cost MCX.  It includes inputs from the MCACES Feasibility Estimate as well as 
the Cost and Schedule Risk Analysis contingency to inflate project costs based on the updated 
Project Schedule.  The TPCE Worksheet is included as Attachment E. 

 
The costs associated with all Code of Accounts are included in the Feasibility MII.  

Therefore, these are included in the TPCE.  The project estimate includes costs associated with 
Feature Codes 01, 04, 05, 06, 18, 30 and 31.  For more information on how the feature code 
costs were created, please see paragraph 17.1.2 Project Cost Accounts of this Appendix. 

 
The price levels used for the Total Project Cost Estimate were based on the assumed dates of 

the midpoint of construction for the three locks built concurrently.  Due to the issue of funding 
uncertainty, it is likely this midpoint date will be pushed back and each project likely split into 
multiple construction contracts with different construction midpoints.  The effective price level 
for the estimate is October 2014. The MII estimate for construction costs included escalation to 
the midpoint of the construction period.  The base cost used in Table 17.3-C for Feature Codes 
04 and 05 is the MII estimate with the escalation to the midpoint of the construction period 
removed. 

 
 

TABLE 17.3-C – Emsworth Total Project Cost Estimate Summary 

FEATURE CODE Base Cost Base + Contingency Fully Funded TPC 
01 Lands & Damages $960,000 $1,228,000 $1,334,000
04 Dams $5,461,000 $6,990,000 $8,550,000
05 Locks $451,537,000 $577,968,000 $679,484,000
06 Fish & Wildlife $63,000 $80,000 $92,000
18 Cultural Resources $175,000 $224,000 $529,000
30 PED $71,995,000 $92,154,000 $114,932,000
31 Const Management $45,700,000 $58,496,000 $80,161,000

COST TOTALS $575,891,000 $737,141,000 $884,812,000
 Base cost is based on the MCACES Estimate.  Contingency is calculated from the Cost and Schedule Risk 

Analysis.  Total Project Cost is based on the indices from EM 1110-2-1304, inflated to the midpoint of construction.  
All costs are rounded. 
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17.4 COST QC AND ATR REVIEW SUMMARY 
 

TABLE 17.4-A – Cost and Schedule Review Summary 

Project QC MII ATR MII QC 
Schedule 

ATR 
Schedule 

QC 
CSRA 

ATR 
CSRA 

QC 
TPCE 

ATR 
TPCE 

         
Emsworth         

Reviewer LCG DAW TEA DAW TEA JGN SHW JGN 
Date 3/10/11 5/05/11 3/14/11 5/05/11 3/17/11 5/05/11 3/17/11 5/05/11 

2012 Update SHW DAW TEA DAW TEA JGN SHW JGN 
Date 6/14/12 7/6/12 6/14/12 7/6/12 6/14/12 7/6/12 6/14/12 7/6/12 

2014 Update SHW DAW TEA DAW TEA JGN TEA JGN 
Date 7/28/14 8/26/14 7/28/14 8/26/14 8/6/14 8/26/14 8/6/14 8/26/14 

Dashields         
Reviewer LCG DAW TEA DAW TEA JGN SHW JGN 

Date 3/10/11 5/05/11 3/14/11 5/05/11 3/17/11 5/05/11 3/17/11 5/05/11 
2012 Update SHW DAW TEA DAW TEA JGN SHW JGN 

Date 6/14/12 7/6/12 6/14/12 7/6/12 6/14/12 7/6/12 6/14/12 7/6/12 
2014 Update SHW DAW TEA DAW TEA JGN TEA JGN 

Date 7/28/14 8/26/14 7/28/14 8/26/14 8/6/14 8/26/14 8/6/14 8/26/14 
Montgomery         

Reviewer LCG DAW TEA DAW TEA JGN SHW JGN 
Date 3/10/11 5/05/11 3/14/11 5/05/11 3/17/11 5/05/11 3/17/11 5/05/11 

2012 Update SHW DAW TEA DAW TEA JGN SHW JGN 
Date 6/14/12 7/6/12 6/14/12 7/6/12 6/14/12 7/6/12 6/14/12 7/6/12 

2014 Update SHW DAW TEA DAW TEA JGN TEA JGN 
Date 7/28/14 8/26/14 7/28/14 8/26/14 8/6/14 8/26/14 8/6/14 8/26/14 

         
 DAW Donald A. Whitmore, LRH 
 JGN James G. Neubauer, DX, NWW 
 LCG Laura C. Gaudier, LRP 
 SHW Sean H. Weston, LRP 
 TEA Thomas E. Andre, LRP 
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18. SCHEDULES FOR DESIGN AND CONSTRUCTION 
 
18.1 DESIGN SCHEDULE 

 
A.   Screening Level Schedules.   
 

The design schedules for the screening level have been developed using historic information 
for similar types of projects designed by Pittsburgh District, particularly Charleroi Locks and 
Braddock Dam, Monongahela River, Pennsylvania.  The schedule information from these 
projects has been adjusted in consultation with Project Delivery Team members to address 
unique features of this project.  The screening level schedules developed are shown in Table 
18.1-A.  The Schedule for Options 4 through 6 include only the time for the new construction, 
they do not include the time for advance or reactive maintenance required to maintain the 
auxiliary lock chamber in operation. 
 

TABLE 18.1-A – Emsworth Lock Modernization Option Schedule 

Lock Modernization Option  
Design Lead 

Time 
Construction 

Duration 
1 – New Dual 110’ x 600’ Chambers 2 Years 8.5 Years 
2 – New 110’ x 800’ River Chamber 
and New 110’ x 600’ Land Chamber 

2 Years 9.5 Years 

3 – New 110’ x 1,200’ River Chamber 
and New 110’ x 600’ Land Chamber 

2 Years 11 Years 

4 –  New 110’ x 600’ River Chamber 
and Advance Maintenance Existing 
110’ x 600’ Land Chamber  

2 Years 6 Years 

5 –  New 110’ x 800’ River Chamber 
and Advance Maintenance Existing 
110’ x 600’ Land Chamber  

2 Years 7 Years 

6 –  New 110’ x 1,200’ River Chamber 
and Advance Maintenance Existing 
110’ x 600’ Land Chamber  

2 Years 8.5 Years 

7–  New 110’ x 600’ River Chamber 
and Reactive Maintenance Existing 
110’ x 600’ Land Chamber  

2 Years 6 Years 

8 –  New 110’ x 800’ River Chamber 
and Reactive Maintenance Existing 
110’ x 600’ Land Chamber  

2 Years 7 Years 

9 –  New 110’ x 1,200’ River Chamber 
and Reactive Maintenance Existing 
110’ x 600’ Land Chamber  

2 Years 8.5 Years 
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B.   Feasibility Level Schedules 
 

The design schedule for the Feasibility Level has been refined to reflect the actual work 
involved with the design of the preferred alternative.  Input has been obtained from the various 
offices involved in the design which includes additional studies to be performed, design by 
Architect-Engineers, and design by other Corps of Engineers as appropriate.  The schedule 
includes appropriate Quality Assurance and Quality Control reviews, Agency Technical 
Reviews, and interagency and regulatory coordination, as required. 

 
The Feasibility Level Design Schedule has been created using Primavera scheduling software 

and is included as Attachment C to this appendix. 
 
The Feasibility Schedules have been updated in summer 2014. 

 
18.2 PLANS AND SPECIFICATIONS SCHEDULE 

 
The plans and specifications schedule for the Feasibility Level has been refined to reflect the 

actual work involved with the preparation of plans and specifications for the preferred 
alternative.  Input has been obtained from the various offices involved in the design which 
includes additional studies to be performed, design by Architect-Engineers, and design by other 
Corps of Engineers as appropriate.  The schedule includes appropriate Quality Assurance and 
Quality Control reviews, Agency Technical Reviews, Biddability, Constructability, Operability, 
and Environmental Reviews, and preparation and issuance of the solicitation package. 

 
The Feasibility Level PED Schedule has been created using Primavera scheduling software 

and is included as Attachment C to this appendix. 
 

18.3 CONSTRUCTION SCHEDULE 
 
18.3.1 Land Acquisition 

 
The land acquisition schedule is discussed in the Real Estate Plan. 

 
18.3.2 Lock Construction 

 
As discussed in Chapter 5, Design Criteria, cofferbox construction is a cost-effective method 

for constructing lock wall monoliths adjacent to an existing operating lock.  However, 
construction of the lock walls within cofferboxes imposes some restrictions on performance of 
the work that are not normally involved within traditional cofferdam construction.  Construction 
is within a limited space, it must be performed sequentially.  All foundation drilled shafts and 
tremie concrete must be completed within the cofferbox before the cofferbox can be dewatered.  
Concrete construction progresses upward in lifts similar to conventional construction, but the 
work areas are more restricted, and the number of monoliths available for placement of 
additional concrete at any time is limited by the size of the cofferbox, resulting in slower overall 
progress.   The size and layout of the site permit concurrent work in multiple areas, mitigating 
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these limitations to some extent.  The construction schedule is based on the construction 
schedules for similar work at Charleroi Locks and Dam, modified as necessary by lessons 
learned from the ongoing River Wall construction. 

 
The construction schedule for the Feasibility Level is based on the MII estimate for the 

preferred alternative.  The schedule assumes efficient funding will permit construction under the 
minimum number of contracts, with one contract for the actual lock construction and dam 
modification.  Deviation from this assumption is captured in the Cost and Schedule Risk 
Analysis, included in this report.  Construction sequence is as described in Chapter 13. 

 
The Feasibility Level Construction Schedule has been created using Primavera scheduling 

software and is included as Attachment C to this appendix. 
 

18.3.3 Assumptions Made for Current Schedule 
 

The following assumptions were made in preparing the following construction schedule: 
 

• Funding constraints have not been considered in baseline schedule. 
• Funding constraints have also not been considered in the Cost and 

Schedule Risk Analysis.  See section 17.3.4.2. 
• Planning, Engineering and Design (PED) and construction for all three 

locks will be done concurrently. 
• While the existing Land Chamber is open (Standard): 10 hour workdays, 4 

days work weeks (same as 5-8’s, 40-hour week). 
• Drilled Shaft work: 10-hour shifts, 20 hour workdays and 4 day 

workweeks (same as 5-16’s, 80-hour week). 
• While both lock chambers are closed: 12-hour shifts, 24 hour workdays 

and 7 day work weeks. 
• Production rates have been determined during preparation of the MII 

estimate. 
 

18.4 FEASIBILITY SCHEDULE SUMMARY 
 

Table 18.4-A presents the Feasibility level schedule summaries for each of the three projects 
for the recommended alternative of Fix as Fails Existing 110’ x 600’ Land Chamber and New 
110’ x 600’ River Chamber. 
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TABLE 18.4-A – Feasibility Schedule Summary 

Project PED Construction 
Duration Early Start Early Finish Duration Early Start Early Finish 

Emsworth Lock and Dam  24 Mo 10/1/17 10/1/19       84 Mo 12/30/19    11/23/26 
Dashields Lock and Dam 24 Mo 10/1/17 10/1/19 81 Mo 12/30/19     8/25/26
Montgomery Lock and Dam 24 Mo 10/1/17 10/1/19 70 Mo 12/30/19     9/29/25 
Current schedule is based on the assumption of adequate funding to allow all three projects to be designed and 
constructed concurrently. 
 

The Feasibility Level Project Schedule has been created using Primavera scheduling software 
and is included as Attachment C to this appendix. 
 
 
18.5 COST AND SCHEDULE RISK ANALYSIS  
 

Please refer to section 17.3.4 for the Cost and Schedule Risk Analysis summary.  The 
complete CSRA report is included as Attachment D to this appendix. 
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19. ADDITIONAL INVESTIGATIONS AND STUDIES 
 
 
19.1 FILL/EMPTY SYSTEM MODEL 
 

The current fill/empty system design is based on numerical analyses.  However, in order to 
evaluate the proposed and alternate designs of the filling and emptying system, physical 
modeling should be conducted.  The fill/empty system model will help optimize the design of the 
system and the intake and outlet structures.  Additionally, the model will yield insight into 
hawser forces along the lock and approach structures during filling and emptying operations. It is 
anticipated that physical modeling will be completed during future design phases, as early as 
possible in the design process.   
 
19.2 NAVIGATION MODEL 
 

Due to the nature of both the project and site location, a site-specific navigation model is 
recommended in order to optimize the following design elements: 

 
 Locations of approach walls 
 Lengths of approach walls 
 Length and width of downstream bank excavation 
 

The physical model should incorporate an appropriate length (currently estimated to be 
approximately 2 miles upstream and 2 miles downstream of the dam axis) of the river in the 
vicinity of the project site.  It should also assist in determining the appropriate design forces for 
the approach walls.  This effort should be started early in the next design phase of the project. 
 
19.3 IMPACT LOADS 
 

Impact loads are an integral component of the design of the approach walls. The impact loads 
determine the thickness and weight of the impact wall. The weight of the impact wall then 
directly influences the width and draft of the pontoon cross section and, consequently, the cost of 
the wall. 
 

At this point, the impact loads have been based on impact loads determined for the Charleroi 
approach walls.  In order to refine these impact loads and the consequent pontoon designs, it is 
recommended that additional studies be conducted.  These studies can include video monitoring 
of existing lock traffic and/or scale model testing of radio controlled model approaches to the 
new lock configuration at the Engineering Research and Development Center at Vicksburg, 
Mississippi.  The results of this testing should also be incorporated into the final impact load 
determination and refinement. 
 
 



UPPER OHIO NAVIGATION STUDY                 Engineering Appendix  
 

 
 
 

 
EMSWORTH SITE APPENDIX                            Page 19-2 

19.4  NONLINEAR INCREMENTAL STRUCTURAL ANALYSES (NISA) 
 
Preliminary concrete mix design and thermal analysis evaluations were not completed for this 
feasibility study.  An evaluation of the need for crack control joints and other measures should be 
completed during future design phases.   
 
 
19.5 GEOTECHNICAL STUDIES 
 

Additional subsurface investigation, comprising of drilling and testing, is recommended for 
the selection of any option that involves construction of a new lock(s).  While numerous borings 
have been drilled at the site, the current boring depths are shallow in terms of what is necessary 
for determining cross sections and for design.  Further subsurface investigation through drilling 
and testing will provide this missed information.  The information obtained will aid in the 
development of the proposed lock design. 
 
19.5.1 Drilling Program 
 

Drilling is recommended along new lock walls and new approach walls for any of the 
proposed options.  Spacing between the borings should be adequate to determine cross sections 
and location of coal seams.  For the lock walls, borings are recommended to be approximately 
200 feet apart, while the borings for the approach walls should be approximately 300 feet apart.  
Angle coring should be complete in order to determine joint patterns and for measuring lugeons 
to determine if grouting is needed.  All borings should not terminate before a depth of 40 feet 
into rock, with depths in areas of deep drilled shafts extending to 50 to 75 feet into the 
foundation rock.  The proposed layout situates borings in critical area such as the end of the lock 
walls and at the end of the approach walls.  Currently some proposed options of approach and 
lock walls have no data and variations within the stratigraphy regarding the coal seam and 
sandstone is critical to capture.   

 
The number of borings recommended for the subsurface investigation is dependent upon the 

option.  The number of borings that is estimated for the recommended option, of one new 110’ x 
600’ river chamber and retaining the existing land chamber, is a total of 18 borings.  The 18 
borings have an estimated total length of 1510 feet.  A boring plan has been developed for the 
recommended option and can be found on Plates E-1H and E-1I. 
 
19.5.2 Testing Program 
 

An overburden and foundation rock testing program is also recommended as additional 
studies to the drilling program.  In combination with the subsurface investigation, testing will 
help to determine the most accurate design parameters.  Previous investigations provided minor 
amounts of overburden and rock sampling and testing, relying heavily on visual classification 
and SPT data.   It would be beneficial to include standard SPT and grain size analysis testing for 
the overburden, and unconfined compression testing for the rock.     
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20. PLATES 
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ATTACHMENT – A 
 

OPTION SCREENING LEVEL COSTS 
OPTION 1 THROUGH 9 



PROJECT: UPPER OHIO NAVIGATION STUDY, PENNSYLVANIA
Emsworth Locks and Dams, 
Screening Level Estimates - Summary
(Oct 2009 Cost Level)

Alternative
Total 

(Rounded)
Design Lead 
Time (Years)

Construction 
Duration 
(Years)

Funding 
Profile - PED

Funding 
Profile - 

Construction

Lock Modernization Option 1 - New Dual 110' x  600' 
Chambers

$617,000,000 2 8.5 $17,474,000 $68,477,000

Lock Modernization Option 2 - New 110' x 800' River 
Chamber and New 110' x 600' Land Chamber

$704,000,000 2 9.5 $19,857,000 $69,925,000

Lock Modernization Option 3 - New 110' x 1,200' River 
Chamber and New 110' x 600' Land Chamber

$820,000,000 2 11 $23,135,000 $70,339,000

Lock Modernization Option 4 - New 110' x  600' River 
Chamber  and Advance Maintenance Existing 110' x 
600' Land Chamber

$435,000,000 2 6 $12,226,000 $68,425,000

Lock Modernization Option 5 - New 110' x  800' River 
Chamber  and Advance Maintenance Existing 110' x 
600' Land Chamber

$512,000,000 2 7 $14,386,000 $69,033,000

Lock Modernization Option 6 - New 110' x  1,200' River 
Chamber  and Advance Maintenance Existing 110' x 
600' Land Chamber

$628,000,000 2 8.5 $17,665,000 $69,726,000

Lock Modernization Option 7 - New 110' x  600' River 
Chamber  and Reactive Maintenance Existing 110' x 
600' Land Chamber

$435,000,000 2 6 $12,226,000 $68,425,000

Lock Modernization Option 8 - New 110' x  800' River 
Chamber  and Reactive Maintenance Existing 110' x 
600' Land Chamber

$512,000,000 2 7 $14,386,000 $69,033,000

Lock Modernization Option 9 - New 110' x  1,200' River 
Chamber  and Reactive Maintenance Existing 110' x 
600' Land Chamber

$628,000,000 2 8.5 $17,665,000 $69,726,000

NOTE:  Costs in this summary for Alternates 4, 5, 6, 7 , 8,  and 9 are only for construction of the new River Chambers.  Costs for fixing 
the existing Land Chamber are not included.

Project Summary
Attachment A 1 of 52



PROJECT: UPPER OHIO NAVIGATION STUDY, PENNSYLVANIA
Emsworth Locks and Dams, 
Screening Level Estimates - Summary
(Oct 2009 Cost Level)

Alternative
04

Dams
05

Locks

30
Planning, 

Engineering 
and Design

31
Construction 
Management

Total 
(Rounded)

6% 6%

Lock Modernization Option 1 - New Dual 
110' x  600' Chambers

$4,537,870 $544,680,856 $34,948,800 $32,360,000 $617,000,000

Lock Modernization Option 2 - New 110' x 
800' River Chamber and New 110' x 600' 
Land Chamber

$4,537,870 $623,140,537 $39,714,300 $36,772,500 $704,000,000

Alternate. 3 - New 110' x 1,200' River 
Chamber and New 110' x 600' Land 
Chamber

$4,537,870 $726,701,304 $46,269,900 $42,842,500 $820,000,000

Lock Modernization Option 4 - New 110' x  
600' River Chamber  and Advance 
Maintenance Existing 110' x 600' Land 
Chamber

$4,537,870 $383,596,347 $24,451,200 $22,640,000 $435,000,000

Lock Modernization Option 5 - New 110' x  
800' River Chamber  and Advance 
Maintenance Existing 110' x 600' Land 
Chamber

$4,537,870 $451,973,082 $28,771,200 $26,640,000 $512,000,000

Lock Modernization Option 6 - New 110' x  
1,200' River Chamber  and Advance 
Maintenance Existing 110' x 600' Land 
Chamber

$4,537,870 $555,565,067 $35,329,500 $32,712,500 $628,000,000

Lock Modernization Option 7 - New 110' x  
600' River Chamber  and Reactive 
Maintenance Existing 110' x 600' Land 
Chamber

$4,537,870 $383,596,347 $24,451,200 $22,640,000 $435,000,000

Lock Modernization Option 8 - New 110' x  
800' River Chamber  and Reactive 
Maintenance Existing 110' x 600' Land 
Chamber

$4,537,870 $451,973,082 $28,771,200 $26,640,000 $512,000,000

Lock Modernization Option 9 - New 110' x  
1,200' River Chamber  and Reactive 
Maintenance Existing 110' x 600' Land 
Chamber

$4,537,870 $555,565,067 $35,329,500 $32,712,500 $628,000,000

NOTE:  Costs in this summary for Alternates 4, 5, 6, 7 , 8,  and 9 are only for construction of the new River Chambers.  Costs 
for fixing the existing Land Chamber are not included.
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PROJECT: UPPER OHIO NAVIGATION STUDY, PENNSYLVANIA
Emsworth Locks and Dams, 
Lock Modernization Option 1 - New Dual 110' x  600' Chambers
(Oct 2009 Cost Level)
 
SCREENING LEVEL ESTIMATE

(Oct 2009 Cost Level)
Adjusted Prices (See Notes)

Account 
Number Description

Estimated 
Quantity Unit

2009 Unit Price 
Item

EDM Unit Prices 
Cotober 2009 

Cost Level Amount Contingencies
FY10 Total with 
Contingencies Remarks on Contingency

04.-.-.- DAMS

040001 MOBILIZATION, DEMOBILIZATION & PREP WORK

Mobilization & Preparatory Work (1%) 1 JOB 1.0% $35,000.00 30% $45,500.00 Changes in location of laydown area/batch 
plant and construction methods could affect 
mobilization

040152 Dam Structure
Concrete Demolition of Fixed Crest Dam Weir 1,802 CY R-20 $150.00 $270,300.00 25% $337,875.00
Concrete Demolition of Pier #1 1,794 CY R-21 $150.00 $269,100.00 25% $336,375.00
Concrete Demolition of Gate Sill #1 1,541 CY R-22 $150.00 $231,150.00 25% $288,937.50
Concrete Demolition of Dam Spillway Apron 837 CY R-23 $150.00 $125,550.00 25% $156,937.50
Demolition of Service Bridge - Fixed Crest Weir 8 TONS R-25 $2,550.00 $20,400.00 25% $25,500.00

Demolition of Service Bridge - Pier #1 - Steel 62 TONS R-26 $2,550.00 $158,100.00 25% $197,625.00

Demolition of Service Bridge - Pier #1 - Concrete 17 CY R-27 $150.00 $2,550.00 25% $3,187.50
Demolition of Vertical Lift Steel Dam Gate #1 100 TONS R-28 $750.00 $75,000.00 25% $93,750.00

Removal of Timber Pilings 2,592 LF R-29 $8.00 $20,736.00 25% $25,920.00
Steel Bearing Pile Demolition - Pier #1 1,200 LF R-30 $4.25 $5,100.00 25% $6,375.00
Removal of Sheet Piling, Unknown Size 2,500 LF R-32 $5.25 $13,125.00 25% $16,406.25
Concrete For Dam Pier Filler Wall 2,255 CY D-7 $440.00 $992,200.00 30% $1,289,860.00 Details of tie-in not well defined
Reinforcing Steel for Dam Pier Filler Wall 78,908 LBS D-8 $3.40 $268,287.20 30% $348,773.36 Details of tie-in not well defined
Fill for Apron Removal 3,550 CY D-8a $49.00 $173,950.00 25% $217,437.50
New Dam Gate Sect - Soil Excav (inside Cofferdam)' 13,908 CY D-15 $66.00 $917,928.00 25% $1,147,410.00

SUMMARY COA 04 $3,578,476.20 $4,537,869.61

05.-.-.- LOCKS

050001 MOBILIZATION, DEMOBILIZATION & PREP WORK

Mobilization & Preparatory Work (1%) 1 JOB 1.0% $4,236,000.00 30% $5,506,800.00 Changes in location of laydown area/batch 
plant and construction methods could affect 
mobilization

Concrete Batch Plant * 1 JOB O-1 $16,360,000.00 $16,360,000 45% $23,722,000.00 This item includes laydown area sitework.  
Estimate is based on Primary site.  High risk 
identified for change to Secondary or 
alternate site and unknown work due to 
Phase II environmental study

Concrete Conveyor System * 1,500 LF O-2 $1,600.00 $2,400,000 40% $3,360,000.00 Estimate is based on Primary site.  High risk 
identified for change to Secondary or 
alternate site

New Twin 600s
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PROJECT: UPPER OHIO NAVIGATION STUDY, PENNSYLVANIA
Emsworth Locks and Dams, 
Lock Modernization Option 1 - New Dual 110' x  600' Chambers
(Oct 2009 Cost Level)
 
SCREENING LEVEL ESTIMATE

(Oct 2009 Cost Level)
Adjusted Prices (See Notes)

Account 
Number Description

Estimated 
Quantity Unit

2009 Unit Price 
Item

EDM Unit Prices 
Cotober 2009 

Cost Level Amount Contingencies
FY10 Total with 
Contingencies Remarks on Contingency

Concrete Demolition River Wall Including Guard Walls 21,050 CY R-1 $310.00 $6,525,500 25% $8,156,875.00
Concrete Demolition Middle Wall Including Bullnoses 24,050 CY R-2 $160.00 $3,848,000 25% $4,810,000.00
Demolition of Upper Guard Wall Extension Cells 1-3, 
Concrete

735 CY R-3 $320.00 $235,200 25% $294,000.00

Demolition of Upper Guard Wall Extension Cells 1-3, 2,390 CY R-4 $61.20 $146,268 25% $182,835.00
Demolition of Upper Guard Wall Extension Cells 1-
3,Sheet Piling

7,890 LF R-5 $5.25 $41,423 25% $51,778.13

Demolition of Lower Guard Wall Extension Cells 1-7, 
Concrete

7,347 CY R-6 $320.00 $2,351,040 25% $2,938,800.00

Demolition of Lower Guard Wall Extension Cells 1-7, 2,085 CY R-7 $61.20 $127,602 25% $159,502.50
Demolition of Lower Guard Wall Extension Cells 1-7, 
Sheet Piling

43,024 LF R-8 $5.25 $225,876 25% $282,345.00

Removal of Lock Gates - 56 FT Chamber Upper and 
Lower

300,000 LBS R-9 $0.07 $19,500 25% $24,375.00

Removal of Lock Gates - 110 FT Chamber Upper and 
Lower

950,000 LBS R-10 $0.07 $61,750 25% $77,187.50

Demolition of Miter Gate Sills - 56 FT Chamber 400 CY R-11 $160.00 $64,000 25% $80,000.00
Demolition of Miter Gate Sills - 110 FT Chamber 260 CY R-12 $160.00 $41,600 25% $52,000.00
Demolition of Emergency Dam Sill - 110 FT Chamber 215 CY R-13 $160.00 $34,400 25% $43,000.00
Demolition of Poiree Dam Sill - 110 FT Chamber 245 CY R-14 $160.00 $39,200 25% $49,000.00
Demolition of Emergency Dam Sill - 56 FT Chamber 118 CY R-15 $160.00 $18,880 25% $23,600.00
Demolition of Poiree Dam Sill - 56 FT Chamber 184 CY R-16 $160.00 $29,440 25% $36,800.00
Removal of Outer Lock Culvert Concrete 1,300 CY R-17 $160.00 $208,000 25% $260,000.00
Demolition of Original Dam Concrete at Cofferdam 570 CY R-18 $160.00 $91,200 25% $114,000.00
Removal of Original Dam Timber at Cofferdam 60 EA R-19 $68.00 $4,080 25% $5,100.00
Demolition of River Wall Building (18'W x 59'-2" x 28'H) 
*

1,105 CY R-33 $80.00 $88,400.00 25% $110,500.00

Demolition of Middle Wall Building (12'W x 40'L x 22'H) 
*

391 CY R-33 $80.00 $31,280.00 25% $39,100.00

Demolition of Land Wall Building (38' W x 80' L x 15' H) 1,689 CY R-34 $75.00 $126,675.00 25% $158,343.75
LW Stabilization - Anchor Drilling in Concrete 2,772 LF SLW-1b $570.00 $1,580,040 40% $2,212,056.00 Concept design, condition of existing Land 

Wall not completely known
LW Stabilization - Anchor Drilling in Rock 5,940 LF SLW-2b $280.00 $1,663,200 40% $2,328,480.00 Concept design, condition of existing Land 

Wall not completely known
LW Stabilization - Anchor Drilling in Soil 495 LF SLW-3b $220.00 $108,900 40% $152,460.00 Concept design, condition of existing Land 

Wall not completely known
LW Stabilization - Rock Anchor 9,270 LF SLW-4b $390.00 $3,615,300 40% $5,061,420.00 Concept design, condition of existing Land 

Wall not completely known
LW Stabilization - Rock Bolts for Old Land Wall 
Foundation Rock

17,440 LF SLW-4AA $90.00 $1,569,600 40% $2,197,440.00 Concept design, condition of existing Land 
Wall not completely known

LW Stabilization - Structural Steel - Waler 138,372 LBS SLW-5 $7.00 $968,604 40% $1,356,045.60 Concept design, condition of existing Land 
Wall not completely known

LW Stabilization - Concrete 3,312 CY SLW-7 $440.00 $1,457,280 40% $2,040,192.00 Concept design, condition of existing Land 
Wall not completely known

New Twin 600s
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PROJECT: UPPER OHIO NAVIGATION STUDY, PENNSYLVANIA
Emsworth Locks and Dams, 
Lock Modernization Option 1 - New Dual 110' x  600' Chambers
(Oct 2009 Cost Level)
 
SCREENING LEVEL ESTIMATE

(Oct 2009 Cost Level)
Adjusted Prices (See Notes)

Account 
Number Description

Estimated 
Quantity Unit

2009 Unit Price 
Item

EDM Unit Prices 
Cotober 2009 

Cost Level Amount Contingencies
FY10 Total with 
Contingencies Remarks on Contingency

LW Stabilization - 'Reinforcing Steel 17,483 LBS SLW-8 $3.40 $59,442 40% $83,219.08 Concept design, condition of existing Land 
Wall not completely known

050002 DRAINAGE
Esplanade Trench & Pipe Drainage System * 1 JOB MS-13a $36,500.00 $36,500 25% $45,625.00

050003 CARE & DIVERSION OF WATER
Cofferdam Closure - Sheet Pile - PS31 - Grade 50 133,960 LF L-22 $87.25 $11,688,010 30% $15,194,413.00 Conceptual design based on assumed site 

conditions
Cofferdam Closure - Sheet Pile - PZ40 - Grade 50 18,772 SF L-22A $64.25 $1,206,101 30% $1,567,931.30 Conceptual design based on assumed site 

conditions
Cofferdam Closure - Sheet Pile - Structural Steel A36 152,880 LBS L-22B $6.93 $1,058,694 30% $1,376,302.20 Conceptual design based on assumed site 

conditions
Cofferdam Closure - Sheet Pile PZ40 - Tie Rods A722 
Grade 

7,844 LBS L-22C $6.93 $54,320 30% $70,615.61 Conceptual design based on assumed site 
conditions

Cofferdam Closure - Drilling and Grouting Tie rods into 
pier

30 EA L-22D $80.00 $2,400 30% $3,120.00 Conceptual design based on assumed site 
conditions

Cofferdam Closure - Jet Grout 3,300 CY L-22E $630.00 $2,079,000 40% $2,910,600.00 Conceptual design based on assumed 
foundation conditions

Cofferdam Closure - Jet Grout - Drilling Through 
Concrete

215 LF L-22E1 $270.00 $58,050 40% $81,270.00 Conceptual design based on assumed 
foundation conditions

Cofferdam Closure - Granular Fill Material 134,592 CY L-23 $53.00 $7,133,376 25% $8,916,720.00
Cofferdam Closure - Excavation - Within Sheets - Wet 19,041 CY L-24 $79.00 $1,504,239 25% $1,880,298.75 Although draft Risk Register identified 

possible cost savings due to Government-
furnished site, cost of devloping site are 
unknown

Cofferdam Closure - Dewatering, River Chamber * 20 MGAL O-4 $20,200.00 $404,000 25% $505,000.00

Cofferdam Closure - Dewatering, Land Chamber * 16 MGAL O-4 $20,200.00 $323,200 25% $404,000.00

Lowrie's Run - Sheet Piling * 2,240 LF LR-1 $87.25 $195,440 25% $244,300.00
Lowrie's Run - Tremie Concrete * 41 CY LR-2 $300.00 $12,300 25% $15,375.00
Lowrie's Run - Steel Walers & Struts * 25,537 LBS LR-3 $6.93 $176,844 25% $221,054.66

050009 BUILDING, PROJECT OPERATIONS
Control Shelters * 4 EA B-1 $79,000.00 $316,000 25% $395,000.00
Middle Wall Control Tower * 1 JOB B-2 $1,700,000.00 $1,700,000 25% $2,125,000.00
Land Wall Maintenance Building * 1 EA B-3 $1,311,000.00 $1,311,000 25% $1,638,750.00

050010 EARTHWORK FOR STRUCTURES
Soil Excavation, Wet 67,241 CY L-10 $66.00 $4,437,906 25% $5,547,382.50 Although draft Risk Register identified 

possible cost savings due to Government-
furnished site, cost of devloping site are 
unknown
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PROJECT: UPPER OHIO NAVIGATION STUDY, PENNSYLVANIA
Emsworth Locks and Dams, 
Lock Modernization Option 1 - New Dual 110' x  600' Chambers
(Oct 2009 Cost Level)
 
SCREENING LEVEL ESTIMATE

(Oct 2009 Cost Level)
Adjusted Prices (See Notes)

Account 
Number Description

Estimated 
Quantity Unit

2009 Unit Price 
Item

EDM Unit Prices 
Cotober 2009 

Cost Level Amount Contingencies
FY10 Total with 
Contingencies Remarks on Contingency

Rock Excavation, Wet 3,575 CY L-10A $286.00 $1,022,450 25% $1,278,062.50 Although draft Risk Register identified 
possible cost savings due to Government-
furnished site, cost of devloping site are 
unknown

Soil Excavation, Dry 1,112 CY L-10B $66.00 $73,392 25% $91,740.00 Although draft Risk Register identified 
possible cost savings due to Government-
furnished site, cost of devloping site are 
unknown

Rock Excavation, Dry 33,703 CY L-10C $96.00 $3,235,488 25% $4,044,360.00 Although draft Risk Register identified 
possible cost savings due to Government-
furnished site, cost of devloping site are 
unknown

Excavation - Soil Within Chamber - Dry 79,386 CY L-25 $66.00 $5,239,476 25% $6,549,345.00 Although draft Risk Register identified 
possible cost savings due to Government-
furnished site, cost of devloping site are 
unknown

Excavation - Rock Within Chamber - Dry 77,959 CY L-26 $96.00 $7,484,064 25% $9,355,080.00 Although draft Risk Register identified 
possible cost savings due to Government-
furnished site, cost of devloping site are 
unknown

Approach Walls - Soil Excavation Wet 22,828 CY AW-1 $66.00 $1,506,648 25% $1,883,310.00 Although draft Risk Register identified 
possible cost savings due to Government-
furnished site, cost of devloping site are 
unknown

Upper Bulkhead and Miter Gate Rock Excavation 21,650 CY L-35 $96.00 $2,078,400 25% $2,598,000.00 Although draft Risk Register identified 
possible cost savings due to Government-
furnished site, cost of devloping site are 
unknown

Upper Bulkhead and Miter Gate Soil Excavation 14,080 CY L-36 $66.00 $929,280 25% $1,161,600.00 Although draft Risk Register identified 
possible cost savings due to Government-
furnished site, cost of devloping site are 
unknown

Emptying Basin, Underwater Alluvium Excavation 6,187 CY MS-7b $59.00 $365,033 25% $456,291.25 Although draft Risk Register identified 
possible cost savings due to Government-
furnished site, cost of devloping site are 
unknown

Emptying Basin, Underwater Rock Excavation 4,749 CY MS-7c $286.00 $1,358,214 25% $1,697,767.50 Although draft Risk Register identified 
possible cost savings due to Government-
furnished site, cost of devloping site are 
unknown

Dredging Lowries Run * 12,000 CY MS-15B $82.00 $984,000 25% $1,230,000.00 Although draft Risk Register identified 
possible cost savings due to Government-
furnished site, cost of devloping site are 
unknown
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PROJECT: UPPER OHIO NAVIGATION STUDY, PENNSYLVANIA
Emsworth Locks and Dams, 
Lock Modernization Option 1 - New Dual 110' x  600' Chambers
(Oct 2009 Cost Level)
 
SCREENING LEVEL ESTIMATE

(Oct 2009 Cost Level)
Adjusted Prices (See Notes)

Account 
Number Description

Estimated 
Quantity Unit

2009 Unit Price 
Item

EDM Unit Prices 
Cotober 2009 

Cost Level Amount Contingencies
FY10 Total with 
Contingencies Remarks on Contingency

05011 FOUNDATION PREPARATION
Drilled Shafts, Permanent Casing 6.5' Dia. Casing 3,109 LF L-11b $2,500.00 $7,772,500 30% $10,104,250.00 Design is based on assumed subsurface 

conditions.  Exploratory work may result in 
deeper foundations

Drilled Shafts, Rock Excavation, 6.0' Dia. 11,072 CY L-12b $1,326.00 $14,681,472 30% $19,085,913.60 Design is based on assumed subsurface 
conditions.  Exploratory work may result in 
deeper foundations

Drilled Shafts, Concrete, 5,000 psi 13,608 CY L-14 $378.00 $5,143,824 30% $6,686,971.20 Design is based on assumed subsurface 
conditions.  Exploratory work may result in 
deeper foundations

Drilled Shafts, Reinforcing Steel 6,407,095 LBS L-15 $2.50 $16,017,738 30% $20,823,058.75 Design is based on assumed subsurface 
conditions.  Exploratory work may result in 
deeper foundations

050057 LOCK GATES & OPERATING MACHINERY, UPPER 
& LOWER
New 110' Lock Gates Upper and Lower - River 
Chamber

1 JOB MS-2 $5,190,000.00 $5,190,000 15% $5,968,500.00

New 110' Lock Gates Upper and Lower - Land 
Chamber

1 JOB MS-2 $5,190,000.00 $5,190,000 15% $5,968,500.00

Miter Gate Operating Machinery * 8 EA MS-9 $282,000.00 $2,256,000 25% $2,820,000.00
New Lock Dewatering Bulkheads 656,896 LBS MS-4 $9.10 $5,977,754 15% $6,874,416.64
Maintenance Bulkhead Lifting Beam 23,561 LBS MS-8 $9.50 $223,830 15% $257,403.93

050061 GUARD & GUIDE WALLS, UPPER & LOWER
Post Tensioned Concrete Box Beams - 10 x 8 x 110 42 EA AW-2A $594,000.00 $24,948,000 25% $31,185,000.00
U/S Guard Wall Pre-Stressed Concrete Skirts - 
Concrete

164 CY AW-3a $9,000.00 $1,476,000 25% $1,845,000.00

Support Cells - Sheet Pile, PS31, 49.1' Dia. 57,754 LF AW-4 $82.00 $4,735,828 25% $5,919,785.00
Support Cells - Excavation - Within Sheets - Wet 15,156 CY AW-5 $79.00 $1,197,324 25% $1,496,655.00
Support Cells - Tremie Concrete 30,788 CY AW-6 $300.00 $9,236,400 25% $11,545,500.00
Support Cells - Cast-In Place Concrete - 4,000 psi 11,471 CY AW-7 $440.00 $5,047,240 25% $6,309,050.00
Support Cells - Reinforcing Steel 263,171 LBS AW-8 $3.40 $894,781 25% $1,118,476.75
D/S Guardwall - Floating Pontoon, Concrete 3,388 CY AW-9 $3,290.00 $11,146,520 50% $16,719,780.00 Estimate is based on AE-developed cost for 

Charleroi L/D.  No graving site is identified
D/S Guardwall - Drilled Shafts - 4' Dia Landing 
Supports

384 LF AW-11a $1,500.00 $576,000 25% $720,000.00

D/S Guardwall - Drilled Shafts - 7' Dia Pylons 325 LF AW-11b $2,900.00 $942,500 25% $1,178,125.00
D/S Guardwall - Drilled Shafts - Alluvium Excavation, 4' 62 CY AW-12a $436.00 $27,032 25% $33,790.00 Although draft Risk Register identified 

possible cost savings due to Government-
furnished site, cost of devloping site are 
unknown
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PROJECT: UPPER OHIO NAVIGATION STUDY, PENNSYLVANIA
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D/S Guardwall - Drilled Shafts - Alluvium Excavation, 7' 82 CY AW-12b $646.00 $52,972 25% $66,215.00 Although draft Risk Register identified 
possible cost savings due to Government-
furnished site, cost of devloping site are 
unknown

D/S Guardwall - Drilled Shafts - Rock Excavation, 4' 51 CY AW-13a $736.00 $37,536 25% $46,920.00 Although draft Risk Register identified 
possible cost savings due to Government-
furnished site, cost of devloping site are 
unknown

D/S Guardwall - Drilled Shafts - Rock Excavation, 7' 204 CY AW-13b $1,386.00 $282,744 25% $353,430.00 Although draft Risk Register identified 
possible cost savings due to Government-
furnished site, cost of devloping site are 
unknown

D/S Guardwall - Drilled Shafts - Tremie Concrete 518 CY AW-14 $378.00 $195,804 25% $244,755.00
D/S Guardwall - Drilled Shafts - Structural Concrete 40 CY AW-15 $378.00 $15,120 25% $18,900.00
D/S Guardwall - Drilled Shafts - Reinforcing Steel 111,600 LBS AW-16 $2.50 $279,000 25% $348,750.00
D/S Guardwall - Pylon Superstructure - Steel 817,500 LBS AW-17 $7.20 $5,886,000 25% $7,357,500.00
D/S Guardwall - Pylon Superstructure -Tremie 
Concrete Fill

1,142 CY AW-18 $378.00 $431,676 25% $539,595.00

D/S Guardwall - Pylon Superstructure -Cast-in-Place 
Concrete

961 CY AW-19 $440.00 $422,840 25% $528,550.00

D/S Guardwall - Pylon Superstructure -Reinforcing 
Steel

6,012 LBS AW-20 $3.40 $20,441 25% $25,551.00

D/S Guard Wall - Guide Keys 162,240 LBS AW-21 $7.20 $1,168,128 25% $1,460,160.00
D/S Guardwall - Pylon Superstructure - Misc. Steel 130,316 LBS AW-22 $7.20 $938,275 25% $1,172,844.00
D/S Guardwall - Pylon Superstructure - Gravel Ballast 104 TONS AW-23 $31.00 $3,224 25% $4,030.00

D/S Guardwall - Pylon Superstructure - Armor Bands 138,000 LBS AW-24 $5.80 $800,400 25% $1,000,500.00

050063 LOCK STRUCTURE
Cofferbox - Steel (Incl Sheet Pile, King Pile & Bracing 171,200 SFCA L-16 $250.00 $42,800,000 25% $53,500,000.00
Cofferbox - Concrete Tremie Seal - 4,000 psi 29,949 CY L-18 $300.00 $8,984,700 25% $11,230,875.00
Cast-in-Place Concrete 189,236 CY L-20 $270.00 $51,093,720 25% $63,867,150.00
Cast-in-Place Concrete Reinfrocing 4,817,191 LBS L-21 $3.40 $16,378,449 25% $20,473,061.75
Culverts - Concrete - 5,000 psi 18,314 CY L-27 $620.00 $11,354,680 25% $14,193,350.00
Culverts - Concrete - Reinforcing Steel 985,334 LBS L-28 $3.40 $3,350,136 25% $4,187,669.50
Upper Bulkhead Sill Concrete 11,796 CY L-29 $210.00 $2,477,160 25% $3,096,450.00
Lock Floor/Slab Walls - Concrete 790 CY L-30 $320.00 $252,800 25% $316,000.00
Lock Floor/Slab Walls - Reinforcing Steel 63,200 LBS L-31 $3.40 $214,880 25% $268,600.00
Upper Miter Gate Intake Sill - Concrete 14,526 CY L-32 $210.00 $3,050,460 25% $3,813,075.00
Upper Miter Gate Intake Sill - Reinforcing Steel 1,033,760 LBS L-33 $3.40 $3,514,784 25% $4,393,480.00
Lower Miter Gate Sill - Concrete 12,014 CY L-37 $210.00 $2,522,940 25% $3,153,675.00
Lock Floor Paving - Concrete 3,930 CY L-38 $320.00 $1,257,600 25% $1,572,000.00
Lock Floor Paving - Reinforcing 310,000 LBS L-39 $3.40 $1,054,000 25% $1,317,500.00
Lock Floor Paving - Granular Backfill 12,590 CY L-40 $49.00 $616,910 25% $771,137.50
Wall Armor 467,006 LBS L-1 $5.80 $2,708,635 25% $3,385,793.50
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PROJECT: UPPER OHIO NAVIGATION STUDY, PENNSYLVANIA
Emsworth Locks and Dams, 
Lock Modernization Option 1 - New Dual 110' x  600' Chambers
(Oct 2009 Cost Level)
 
SCREENING LEVEL ESTIMATE

(Oct 2009 Cost Level)
Adjusted Prices (See Notes)

Account 
Number Description

Estimated 
Quantity Unit

2009 Unit Price 
Item

EDM Unit Prices 
Cotober 2009 

Cost Level Amount Contingencies
FY10 Total with 
Contingencies Remarks on Contingency

Corner Protection 321,456 LBS L-2 $6.00 $1,928,736 25% $2,410,920.00
Monolith Joint Protection * 117,907 LBS L-2A $4.50 $530,582 25% $663,226.88
Miter Gate Anchorages * 162,918 LBS L-3 $7.70 $1,254,469 25% $1,568,085.75
Floating Mooring Bitts 24 EA L-4 $349,000.00 $8,376,000 15% $9,632,400.00
Check Posts 32 EA L-5 $5,800.00 $185,600 25% $232,000.00
Line Hooks and Guards 160 EA L-6 $4,900.00 $784,000 25% $980,000.00
Ladders 32 EA L-7 $11,460.00 $366,720 25% $458,400.00

506313 LOCK STRUCTURE, SPECIAL CONSTRUCTION

Land Chamber Emptying System - Concrete Removal 1,957 CY MS-15A $720.00 $1,409,040 25% $1,761,300.00
Land Chamber Emptying System Modfication - Sluice 
Gate

1 JOB MS-15C $240,000.00 $240,000 25% $300,000.00

Land Chamber Emptying System Modfication - 
Structural Steel

144,485 LBS MS-15D $4.50 $650,183 25% $812,728.13

Land Chamber Emptying System Modfication - 
Concrete Anchors

337 EA MS-15E $412.00 $138,844 25% $173,555.00

Land Chamber Emptying System Modfication - Rock 
Anchors

10 EA MS-15F $15,300.00 $153,000 25% $191,250.00

Lowrie's Run - Shotcrete 83 CY LR-4 $405.00 $33,615 25% $42,018.75
Lowrie's Run - Reinforcing Steel 2,755 SF LR-5 $18.00 $49,590 25% $61,987.50
Lowrie's Run - Remove Plug Concrete 17 CY LR-6 $1,900.00 $32,300 25% $40,375.00

050064 CULVERT VALVES & OPERATING MACHINERY

Culvert Bulkheads (Structural Steel) 28,391 LBS L-8 $12.00 $340,692 15% $391,795.80
New Reverse Tainter Valve - Land Chamber 2 EA MS-3B $938,000.00 $1,876,000 15% $2,157,400.00
Filling Culvert Valves and Bulkhead Assemblies 487,300 LBS MS-5 $13.70 $6,676,010 35% $9,012,613.50 Designed is based on Charleroi L/D system 

which is not proven
Emptying Culvert Valves & Bulkheads 138,725 LBS MS-6 $13.50 $1,872,788 35% $2,528,263.13 Designed is based on Charleroi L/D system 

which is not proven
Emptying Basin * 1 EA MS-7a1 $2,333,000.00 $1,399,800 35% $1,889,730.00 Estimate is based on current design for 

Charleroi L/D.  There is currently some 
concern about the constructibility as 
designed

Filling Valve Operating Machinery * 4 EA MS-10 $115,000.00 $460,000 35% $621,000.00 Designed is based on Charleroi L/D system 
which is not proven

Emptying Valve Operating Machinery * 1 JOB MS-11 $129,000.00 $129,000 35% $174,150.00 Designed is based on Charleroi L/D system 
which is not proven

050065 PIPING SYSTEM
Compressed Air System * 2 CHM

B
MS-12 $631,000.00 $1,262,000 25% $1,577,500.00

050066 POWER & LIGHTING SYSTEMS

New Twin 600s
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PROJECT: UPPER OHIO NAVIGATION STUDY, PENNSYLVANIA
Emsworth Locks and Dams, 
Lock Modernization Option 1 - New Dual 110' x  600' Chambers
(Oct 2009 Cost Level)
 
SCREENING LEVEL ESTIMATE

(Oct 2009 Cost Level)
Adjusted Prices (See Notes)

Account 
Number Description

Estimated 
Quantity Unit

2009 Unit Price 
Item

EDM Unit Prices 
Cotober 2009 

Cost Level Amount Contingencies
FY10 Total with 
Contingencies Remarks on Contingency

Lock Electrical System, River Chamber * 1 JOB MS-14a $4,427,000.00 $4,387,000 25% $5,483,750.00
Lock Electrical System, Land Chamber * 1 JOB MS-14b $1,394,000.00 $1,383,000 25% $1,728,750.00

050099 ASSOCIATED GENERAL ITEMS
Guard Fence 10,610 LF L-9 $70.00 $742,700 25% $928,375.00
Esplanade Replacement at Land Wall Building * 360 SY MS-16 $63.00 $22,680 50% $34,020.00 Quantity is based on only replacing known 

quantity, may be more extensive

05.-.-.- LOCKS $427,882,607 $544,680,856 

30.-.-.- PLANNING, ENGINEERING AND DESIGN 1 JOB 6.00% $25,888,000 35% $34,948,800 Current design based on conservative 
assumptions.  Hydraulic modeling and 
subsurface exploration may result in 
additional PED effort

31.-.-.- CONSTRUCTION MANAGEMENT 1 JOB 6.00% $25,888,000 25% $32,360,000 

TOTAL COSTS $616,527,526 
CONTINGENCIES

TOTAL COSTS, ROUNDED $617,000,000 

CONTINGENCIES:

The contingencies  used provide an allowance against some adverse or unanticipated condition not susceptible to exact evaluation from data 
at hand but which must be expressed or represented in the cost estimate.  Contingencies for non-construction accounts were determined by 
the appropriate functional managers.  Individual contingencies for each construction line item were determined by Technical Design Section.
The contingency applied to each line item is based on the level of confidence in the quantities and unit cost for this stage in the project 
planning.  Normal design variances are expected, therefore normal contingency values were used.

In the case of most items for which prices have been determined from Charleroi L/D estimates, the contingency rate of 25% has been used 
since the Cost and Risk Analysis for Charleroi Land Chamber and River Chamber was determined to be approximately 25%)  This includes 
uncertainties as to acquistion strategy, funding, and market conditions.

For items which are very similar to items for which recent bid prices were used for developing costs, a contingency of 15% has been used.

For items which have been identified by the draft Risk Register to have higher risk of cost or quantity variation, a higher contingency has been used as noted.

NOTE:

Quantities are from file EMS Cost Quantity Checklist.xls, except as noted by *
Quantities for items noted by * are from worksheet Additional Quantities in the workbook.
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PROJECT: UPPER OHIO NAVIGATION STUDY, PENNSYLVANIA
Emsworth Locks and Dams, 
Lock Modernization Option 2 - New 110' x 800' River Chamber and New 110' x 600' Land Chamber
(Oct 2009 Cost Level)
 
SCREENING LEVEL ESTIMATE

(Oct 2009 Cost Level)
Adjusted Prices (See Notes)

Account 
Number Description

Estimated 
Quantity Unit

2009 Unit Price 
Item

EDM Unit Prices 
Cotober 2009 

Cost Level Amount Contingencies
FY10 Total with 
Contingencies Remarks on Contingency

04.-.-.- DAMS

040001 MOBILIZATION, DEMOBILIZATION & PREP WORK

Mobilization & Preparatory Work (1%) 1 JOB 1.0% $35,000.00 30% $45,500.00 Changes in location of laydown area/batch 
plant and construction methods could affect 
mobilization

040152 Dam Structure
Concrete Demolition of Fixed Crest Dam Weir 1,802 CY R-20 $150.00 $270,300.00 25% $337,875.00
Concrete Demolition of Pier #1 1,794 CY R-21 $150.00 $269,100.00 25% $336,375.00
Concrete Demolition of Gate Sill #1 1,541 CY R-22 $150.00 $231,150.00 25% $288,937.50
Concrete Demolition of Dam Spillway Apron 837 CY R-23 $150.00 $125,550.00 25% $156,937.50
Demolition of Service Bridge - Fixed Crest Weir 8 TONS R-25 $2,550.00 $20,400.00 25% $25,500.00

Demolition of Service Bridge - Pier #1 - Steel 62 TONS R-26 $2,550.00 $158,100.00 25% $197,625.00

Demolition of Service Bridge - Pier #1 - Concrete 17 CY R-27 $150.00 $2,550.00 25% $3,187.50
Demolition of Vertical Lift Steel Dam Gate #1 100 TONS R-28 $750.00 $75,000.00 25% $93,750.00

Removal of Timber Pilings 2,592 LF R-29 $8.00 $20,736.00 25% $25,920.00
Steel Bearing Pile Demolition - Pier #1 1,200 LF R-30 $4.25 $5,100.00 25% $6,375.00
Removal of Sheet Piling, Unknown Size 2,500 LF R-32 $5.25 $13,125.00 25% $16,406.25
Concrete For Dam Pier Filler Wall 2,255 CY D-7 $440.00 $992,200.00 30% $1,289,860.00 Details of tie-in not well defined
Reinforcing Steel for Dam Pier Filler Wall 78,908 LBS D-8 $3.40 $268,287.20 30% $348,773.36 Details of tie-in not well defined
Fill for Apron Removal 3,550 CY D-8a $49.00 $173,950.00 25% $217,437.50
New Dam Gate Sect - Soil Excav (inside Cofferdam)' 13,908 CY D-15 $66.00 $917,928.00 25% $1,147,410.00

SUMMARY COA 04 $3,578,476.20 $4,537,869.61

05.-.-.- LOCKS

050001 MOBILIZATION, DEMOBILIZATION & PREP WORK

Mobilization & Preparatory Work (1%) 1 JOB 1.0% $4,819,000.00 30% $6,264,700.00 Changes in location of laydown area/batch 
plant and construction methods could affect 
mobilization

Concrete Batch Plant * 1 JOB O-1 $16,360,000.00 $16,360,000 45% $23,722,000.00 This item includes laydown area sitework.  
Estimate is based on Primary site.  High risk 
identified for change to Secondary or 
alternate site and unknown work due to 
Phase II environmental study

Concrete Conveyor System * 1,500 LF O-2 $1,600.00 $2,400,000 40% $3,360,000.00 Estimate is based on Primary site.  High risk 
identified for change to Secondary or 
alternate site

New 600 & New 800
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PROJECT: UPPER OHIO NAVIGATION STUDY, PENNSYLVANIA
Emsworth Locks and Dams, 
Lock Modernization Option 2 - New 110' x 800' River Chamber and New 110' x 600' Land Chamber
(Oct 2009 Cost Level)
 
SCREENING LEVEL ESTIMATE

(Oct 2009 Cost Level)
Adjusted Prices (See Notes)

Account 
Number Description

Estimated 
Quantity Unit

2009 Unit Price 
Item

EDM Unit Prices 
Cotober 2009 

Cost Level Amount Contingencies
FY10 Total with 
Contingencies Remarks on Contingency

Concrete Demolition River Wall Including Guard Walls 21,050 CY R-1 $310.00 $6,525,500 25% $8,156,875.00
Concrete Demolition Middle Wall Including Bullnoses 24,050 CY R-2 $160.00 $3,848,000 25% $4,810,000.00
Demolition of Upper Guard Wall Extension Cells 1-3, 
Concrete

735 CY R-3 $320.00 $235,200 25% $294,000.00

Demolition of Upper Guard Wall Extension Cells 1-3, 2,390 CY R-4 $61.20 $146,268 25% $182,835.00
Demolition of Upper Guard Wall Extension Cells 1-
3,Sheet Piling

7,890 LF R-5 $5.25 $41,423 25% $51,778.13

Demolition of Lower Guard Wall Extension Cells 1-7, 
Concrete

7,347 CY R-6 $320.00 $2,351,040 25% $2,938,800.00

Demolition of Lower Guard Wall Extension Cells 1-7, 2,085 CY R-7 $61.20 $127,602 25% $159,502.50
Demolition of Lower Guard Wall Extension Cells 1-7, 
Sheet Piling

43,024 LF R-8 $5.25 $225,876 25% $282,345.00

Removal of Lock Gates - 56 FT Chamber Upper and 
Lower *

300,000 LBS R-9 $0.07 $19,500 25% $24,375.00

Removal of Lock Gates - 110 FT Chamber Upper and 
Lower *

950,000 LBS R-10 $0.07 $61,750 25% $77,187.50

Demolition of Miter Gate Sills - 56 FT Chamber 400 CY R-11 $160.00 $64,000 25% $80,000.00
Demolition of Miter Gate Sills - 110 FT Chamber 260 CY R-12 $160.00 $41,600 25% $52,000.00
Demolition of Emergency Dam Sill - 110 FT Chamber 215 CY R-13 $160.00 $34,400 25% $43,000.00
Demolition of Poiree Dam Sill - 110 FT Chamber 245 CY R-14 $160.00 $39,200 25% $49,000.00
Demolition of Emergency Dam Sill - 56 FT Chamber 118 CY R-15 $160.00 $18,880 25% $23,600.00
Demolition of Poiree Dam Sill - 56 FT Chamber 184 CY R-16 $160.00 $29,440 25% $36,800.00
Removal of Outer Lock Culvert Concrete 1,300 CY R-17 $160.00 $208,000 25% $260,000.00
Demolition of Original Dam Concrete at Cofferdam 570 CY R-18 $160.00 $91,200 25% $114,000.00
Removal of Original Dam Timber at Cofferdam 60 EA R-19 $68.00 $4,080 25% $5,100.00
Demolition of River Wall Building (18'W x 59'-2" x 28'H) 
*

1,105 CY R-33 $80.00 $88,400.00 25% $110,500.00

Demolition of Middle Wall Building (12'W x 40'L x 22'H) 
*

391 CY R-33 $80.00 $31,280.00 25% $39,100.00

Demolition of Land Wall Building (38' W x 80' L x 15' H) 1,689 CY R-34 $75.00 $126,675.00 25% $158,343.75
LW Stabilization - Anchor Drilling in Concrete 2,772 LF SLW-1b $570.00 $1,580,040 40% $2,212,056.00 Concept design, condition of existing Land 

Wall not completely known
LW Stabilization - Anchor Drilling in Rock 5,940 LF SLW-2b $280.00 $1,663,200 40% $2,328,480.00 Concept design, condition of existing Land 

Wall not completely known
LW Stabilization - Anchor Drilling in Soil 495 LF SLW-3b $220.00 $108,900 40% $152,460.00 Concept design, condition of existing Land 

Wall not completely known
LW Stabilization - Rock Anchor 9,270 LF SLW-4b $390.00 $3,615,300 40% $5,061,420.00 Concept design, condition of existing Land 

Wall not completely known
LW Stabilization - Rock Bolts for Old Land Wall 
Foundation Rock

17,440 LF SLW-4AA $90.00 $1,569,600 40% $2,197,440.00 Concept design, condition of existing Land 
Wall not completely known

LW Stabilization - Structural Steel - Waler 138,372 LBS SLW-5 $7.00 $968,604 40% $1,356,045.60 Concept design, condition of existing Land 
Wall not completely known

LW Stabilization - Concrete 3,312 CY SLW-7 $440.00 $1,457,280 40% $2,040,192.00 Concept design, condition of existing Land 
Wall not completely known
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PROJECT: UPPER OHIO NAVIGATION STUDY, PENNSYLVANIA
Emsworth Locks and Dams, 
Lock Modernization Option 2 - New 110' x 800' River Chamber and New 110' x 600' Land Chamber
(Oct 2009 Cost Level)
 
SCREENING LEVEL ESTIMATE

(Oct 2009 Cost Level)
Adjusted Prices (See Notes)

Account 
Number Description

Estimated 
Quantity Unit

2009 Unit Price 
Item

EDM Unit Prices 
Cotober 2009 

Cost Level Amount Contingencies
FY10 Total with 
Contingencies Remarks on Contingency

LW Stabilization - 'Reinforcing Steel 17,483 LBS SLW-8 $3.40 $59,442 40% $83,219.08 Concept design, condition of existing Land 
Wall not completely known

050002 DRAINAGE
Esplanade Trench & Pipe Drainage System * 1 JOB MS-13a $36,500.00 $36,500 25% $45,625.00

050003 CARE & DIVERSION OF WATER
Cofferdam Closure - Sheet Pile - PS31 - Grade 50 133,960 LF L-72 $87.25 $11,688,010 30% $15,194,413.00 Conceptual design based on assumed site 

conditions
Cofferdam Closure - Sheet Pile - PZ40 - Grade 50 18,772 SF L-72A $64.25 $1,206,101 30% $1,567,931.30 Conceptual design based on assumed site 

conditions
Cofferdam Closure - Sheet Pile - Structural Steel A36 152,880 LBS L-72B $6.93 $1,058,694 30% $1,376,302.20 Conceptual design based on assumed site 

conditions
Cofferdam Closure - Sheet Pile PZ40 - Tie Rods A722 
Grade 

7,844 LBS L-72C $6.93 $54,320 30% $70,615.61 Conceptual design based on assumed site 
conditions

Cofferdam Closure - Drilling and Grouting Tie rods into 
pier

30 EA L-72D $80.00 $2,400 30% $3,120.00 Conceptual design based on assumed site 
conditions

Cofferdam Closure - Jet Grout 3,300 CY L-72E $630.00 $2,079,000 40% $2,910,600.00 Conceptual design based on assumed 
foundation conditions

Cofferdam Closure - Jet Grout - Drilling Through 
Concrete

215 LF L-72E1 $270.00 $58,050 40% $81,270.00 Conceptual design based on assumed 
foundation conditions

Cofferdam Closure - Granular Fill Material 134,592 CY L-73 $53.00 $7,133,376 25% $8,916,720.00
Cofferdam Closure - Excavation - Within Sheets - Wet 19,041 CY L-74 $79.00 $1,504,239 25% $1,880,298.75 Although draft Risk Register identified 

possible cost savings due to Government-
furnished site, cost of devloping site are 
unknown

Cofferdam Closure - Dewatering, River Chamber * 23 MGAL O-4 $20,200.00 $464,600 25% $580,750.00

Cofferdam Closure - Dewatering, Land Chamber * 16 MGAL O-4 $20,200.00 $323,200 25% $404,000.00

Lowrie's Run - Sheet Piling * 2,240 LF LR-1 $87.25 $195,440 25% $244,300.00
Lowrie's Run - Tremie Concrete * 41 CY LR-2 $300.00 $12,300 25% $15,375.00
Lowrie's Run - Steel Walers & Struts * 25,537 LBS LR-3 $6.93 $176,844 25% $221,054.66

050009 BUILDING, PROJECT OPERATIONS
Control Shelters * 4 EA B-1 $79,000.00 $316,000 25% $395,000.00
Middle Wall Control Tower * 1 JOB B-2 $1,700,000.00 $1,700,000 25% $2,125,000.00
Land Wall Maintenance Building * 1 EA B-3 $1,311,000.00 $1,311,000 25% $1,638,750.00

050010 EARTHWORK FOR STRUCTURES
Soil Excavation, Wet 68,246 CY L-60 $66.00 $4,504,236 25% $5,630,295.00 Although draft Risk Register identified 

possible cost savings due to Government-
furnished site, cost of devloping site are 
unknown
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PROJECT: UPPER OHIO NAVIGATION STUDY, PENNSYLVANIA
Emsworth Locks and Dams, 
Lock Modernization Option 2 - New 110' x 800' River Chamber and New 110' x 600' Land Chamber
(Oct 2009 Cost Level)
 
SCREENING LEVEL ESTIMATE

(Oct 2009 Cost Level)
Adjusted Prices (See Notes)

Account 
Number Description

Estimated 
Quantity Unit

2009 Unit Price 
Item

EDM Unit Prices 
Cotober 2009 

Cost Level Amount Contingencies
FY10 Total with 
Contingencies Remarks on Contingency

Rock Excavation, Wet 4,299 CY L-60A $286.00 $1,229,514 25% $1,536,892.50 Although draft Risk Register identified 
possible cost savings due to Government-
furnished site, cost of devloping site are 
unknown

Soil Excavation, Dry 1,112 CY L-60B $66.00 $73,392 25% $91,740.00 Although draft Risk Register identified 
possible cost savings due to Government-
furnished site, cost of devloping site are 
unknown

Rock Excavation, Dry 33,703 CY L-60C $96.00 $3,235,488 25% $4,044,360.00 Although draft Risk Register identified 
possible cost savings due to Government-
furnished site, cost of devloping site are 
unknown

Cofferbox Soil Excavation Within Box - Wet 0 CY L-67 $60.00 $0 25% $0.00 Although draft Risk Register identified 
possible cost savings due to Government-
furnished site, cost of devloping site are 
unknown

Excavation - Soil Within Chamber - Dry 86,236 CY L-75 $66.00 $5,691,576 25% $7,114,470.00 Although draft Risk Register identified 
possible cost savings due to Government-
furnished site, cost of devloping site are 
unknown

Excavation - Rock Within Chamber - Dry 106,850 CY L-76 $96.00 $10,257,600 25% $12,822,000.00 Although draft Risk Register identified 
possible cost savings due to Government-
furnished site, cost of devloping site are 
unknown

Approach Walls - Soil Excavation Wet 24,905 CY AW-101 $66.00 $1,643,730 25% $2,054,662.50 Although draft Risk Register identified 
possible cost savings due to Government-
furnished site, cost of devloping site are 
unknown

Upper Bulkhead and Miter Gate Rock Excavation 21,650 CY L-85 $96.00 $2,078,400 25% $2,598,000.00 Although draft Risk Register identified 
possible cost savings due to Government-
furnished site, cost of devloping site are 
unknown

Upper Bulkhead and Miter Gate Soil Excavation 14,080 CY L-86 $66.00 $929,280 25% $1,161,600.00 Although draft Risk Register identified 
possible cost savings due to Government-
furnished site, cost of devloping site are 
unknown

Emptying Basin, Underwater Alluvium Excavation 6,187 CY MS-7b $59.00 $365,033 25% $456,291.25 Although draft Risk Register identified 
possible cost savings due to Government-
furnished site, cost of devloping site are 
unknown

Emptying Basin, Underwater Rock Excavation 4,749 CY MS-7c $286.00 $1,358,214 25% $1,697,767.50 Although draft Risk Register identified 
possible cost savings due to Government-
furnished site, cost of devloping site are 
unknown
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PROJECT: UPPER OHIO NAVIGATION STUDY, PENNSYLVANIA
Emsworth Locks and Dams, 
Lock Modernization Option 2 - New 110' x 800' River Chamber and New 110' x 600' Land Chamber
(Oct 2009 Cost Level)
 
SCREENING LEVEL ESTIMATE
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Dredging Lowries Run * 12,000 CY MS-15B $82.00 $984,000 25% $1,230,000.00 Although draft Risk Register identified 
possible cost savings due to Government-
furnished site, cost of devloping site are 
unknown

05011 FOUNDATION PREPARATION
Drilled Shafts, Permanent Casing 4.5' Dia. Casing 424 LF L-61a $1,800.00 $763,200 30% $992,160.00 Design is based on assume subsurface 

conditions.  Exploratory work may result in 
deeper foundations

Drilled Shafts, Permanent Casing 6.5' Dia. Casing 3,311 LF L-61c $2,500.00 $8,277,500 30% $10,760,750.00 Design is based on assume subsurface 
conditions.  Exploratory work may result in 
deeper foundations

Drilled Shafts, Rock Excavation, 4.0' Dia. 514 CY L-62a $1,486.00 $763,804 30% $992,945.20 Design is based on assume subsurface 
conditions.  Exploratory work may result in 
deeper foundations

Drilled Shafts, Rock Excavation, 6.0' Dia. 12,721 CY L-62c $1,326.00 $16,868,046 30% $21,928,459.80 Design is based on assume subsurface 
conditions.  Exploratory work may result in 
deeper foundations

Drilled Shafts, Concrete, 5,000 psi 15,872 CY L-64 $378.00 $5,999,616 30% $7,799,500.80 Design is based on assume subsurface 
conditions.  Exploratory work may result in 
deeper foundations

Drilled Shafts, Reinforcing Steel 7,473,594 LBS L-65 $2.50 $18,683,985 30% $24,289,180.50 Design is based on assume subsurface 
conditions.  Exploratory work may result in 
deeper foundations

050057 LOCK GATES & OPERATING MACHINERY, UPPER 
& LOWER
New 110' Lock Gates Upper and Lower - River 
Chamber

1 JOB MS-2 $5,190,000.00 $5,190,000 25% $6,487,500.00

New 110' Lock Gates Upper and Lower - Land 
Chamber

1 JOB MS-2 $5,190,000.00 $5,190,000 25% $6,487,500.00

Miter Gate Operating Machinery * 8 EA MS-9 $282,000.00 $2,256,000 25% $2,820,000.00
New Lock Dewatering Bulkheads 656,896 LBS MS-4 $9.10 $5,977,754 25% $7,472,192.00
Maintenance Bulkhead Lifting Beam 23,561 LBS MS-8 $9.50 $223,830 25% $279,786.88

050061 GUARD & GUIDE WALLS, UPPER & LOWER
Post Tensioned Concrete Box Beams - 10 x 8 x 110 46 EA AW-102A $594,000.00 $27,324,000 25% $34,155,000.00
U/S Guard Wall Pre-Stressed Concrete Skirts - 
Concrete

220 CY AW-103a $9,000.00 $1,980,000 25% $2,475,000.00

Support Cells - Sheet Pile, PS31, 49.1' Dia. 62,078 LF AW-104 $82.00 $5,090,396 25% $6,362,995.00
Support Cells - Excavation - Within Sheets - Wet 16,840 CY AW-105 $79.00 $1,330,360 25% $1,662,950.00
Support Cells - Tremie Concrete 32,891 CY AW-106 $300.00 $9,867,300 25% $12,334,125.00
Support Cells - Cast-In Place Concrete - 4,000 psi 12,506 CY AW-107 $440.00 $5,502,640 25% $6,878,300.00
Support Cells - Reinforcing Steel 281,922 LBS AW-108 $3.40 $958,535 25% $1,198,168.50

New 600 & New 800
Attachment A 15 of 52



PROJECT: UPPER OHIO NAVIGATION STUDY, PENNSYLVANIA
Emsworth Locks and Dams, 
Lock Modernization Option 2 - New 110' x 800' River Chamber and New 110' x 600' Land Chamber
(Oct 2009 Cost Level)
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(Oct 2009 Cost Level)
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Item
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D/S Guardwall - Floating Pontoon, Concrete 4,713 CY AW-109 $3,290.00 $15,505,770 50% $23,258,655.00 Estimate is based on AE-developed cost for 
Charleroi L/D.  No graving site is identified

D/S Guardwall - Drilled Shafts - 4' Dia Landing 
Supports

640 LF AW-111a $1,500.00 $960,000 25% $1,200,000.00

D/S Guardwall - Drilled Shafts - 7' Dia Pylons 325 LF AW-111b $2,900.00 $942,500 25% $1,178,125.00
D/S Guardwall - Drilled Shafts - Alluvium Excavation, 4' 103 CY AW-112a $436.00 $44,908 25% $56,135.00 Although draft Risk Register identified 

possible cost savings due to Government-
furnished site, cost of devloping site are 
unknown

D/S Guardwall - Drilled Shafts - Alluvium Excavation, 7' 82 CY AW-112b $646.00 $52,972 25% $66,215.00 Although draft Risk Register identified 
possible cost savings due to Government-
furnished site, cost of devloping site are 
unknown

D/S Guardwall - Drilled Shafts - Rock Excavation, 4' 85 CY AW-113a $736.00 $62,560 25% $78,200.00 Although draft Risk Register identified 
possible cost savings due to Government-
furnished site, cost of devloping site are 
unknown

D/S Guardwall - Drilled Shafts - Rock Excavation, 7' 204 CY AW-113b $1,386.00 $282,744 25% $353,430.00 Although draft Risk Register identified 
possible cost savings due to Government-
furnished site, cost of devloping site are 
unknown

D/S Guardwall - Drilled Shafts - Tremie Concrete 597 CY AW-114 $378.00 $225,666 25% $282,082.50
D/S Guardwall - Drilled Shafts - Structural Concrete 40 CY AW-115 $378.00 $15,120 25% $18,900.00
D/S Guardwall - Drilled Shafts - Reinforcing Steel 127,400 LBS AW-116 $2.50 $318,500 25% $398,125.00
D/S Guardwall - Pylon Superstructure - Steel 817,500 LBS AW-117 $7.20 $5,886,000 25% $7,357,500.00
D/S Guardwall - Pylon Superstructure -Tremie 
Concrete Fill

1,142 CY AW-118 $378.00 $431,676 25% $539,595.00

D/S Guardwall - Pylon Superstructure -Cast-in-Place 
Concrete

961 CY AW-119 $440.00 $422,840 25% $528,550.00

D/S Guardwall - Pylon Superstructure -Reinforcing 
Steel

6,012 LBS AW-120 $3.40 $20,441 25% $25,551.00

D/S Guard Wall - Guide Keys 162,240 LBS AW-121 $7.20 $1,168,128 25% $1,460,160.00
D/S Guardwall - Pylon Superstructure - Misc. Steel 137,902 LBS AW-122 $7.20 $992,894 25% $1,241,118.00
D/S Guardwall - Pylon Superstructure - Gravel Ballast 140 TONS AW-123 $31.00 $4,340 25% $5,425.00

D/S Guardwall - Pylon Superstructure - Armor Bands 186,300 LBS AW-124 $5.80 $1,080,540 25% $1,350,675.00

050063 LOCK STRUCTURE
Cofferbox - Steel (Incl Sheet Pile, King Pile & Bracing 220,420 SFCA L-66 $250.00 $55,105,000 25% $68,881,250.00
Cofferbox - Concrete Tremie Seal - 4,000 psi 34,076 CY L-68 $300.00 $10,222,800 25% $12,778,500.00
Cast-in-Place Concrete 202,846 CY L-70 $270.00 $54,768,420 25% $68,460,525.00
Cast-in-Place Concrete Reinfrocing 5,178,102 LBS L-71 $3.40 $17,605,547 25% $22,006,933.50
Culverts - Concrete - 5,000 psi 24,590 CY L-77 $620.00 $15,245,800 25% $19,057,250.00
Culverts - Concrete - Reinforcing Steel 2,159,555 LBS L-78 $3.40 $7,342,487 25% $9,178,108.75
Upper Bulkhead Sill Concrete 11,796 CY L-79 $210.00 $2,477,160 25% $3,096,450.00
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PROJECT: UPPER OHIO NAVIGATION STUDY, PENNSYLVANIA
Emsworth Locks and Dams, 
Lock Modernization Option 2 - New 110' x 800' River Chamber and New 110' x 600' Land Chamber
(Oct 2009 Cost Level)
 
SCREENING LEVEL ESTIMATE
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Number Description

Estimated 
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Lock Floor/Slab Walls - Concrete 790 CY L-80 $320.00 $252,800 25% $316,000.00
Lock Floor/Slab Walls - Reinforcing Steel 63,200 LBS L-81 $3.40 $214,880 25% $268,600.00
Upper Miter Gate Intake Sill - Concrete 14,526 CY L-82 $210.00 $3,050,460 25% $3,813,075.00
Upper Miter Gate Intake Sill - Reinforcing Steel 1,033,760 LBS L-83 $3.40 $3,514,784 25% $4,393,480.00
Lower Miter Gate Sill - Concrete 12,014 CY L-87 $210.00 $2,522,940 25% $3,153,675.00
Lock Floor Paving - Concrete 4,451 CY L-88 $320.00 $1,424,320 25% $1,780,400.00
Lock Floor Paving - Reinforcing 350,320 LBS L-89 $3.40 $1,191,088 25% $1,488,860.00
Lock Floor Paving - Granular Backfill 15,530 CY L-90 $49.00 $760,970 25% $951,212.50
Miter Gate Anchorages 81,459 LBS L-53 $7.70 $627,234 25% $784,042.88
Wall Armor 529,044 LBS L-51 $5.80 $3,068,455 25% $3,835,569.00
Corner Protection 366,045 LBS L-52 $6.00 $2,196,270 25% $2,745,337.50
Monolith Joint Protection 137,020 LBS L-52A $4.50 $616,590 25% $770,737.50
Miter Gate Anchorages 162,918 LBS L-53 $7.70 $1,254,469 25% $1,568,085.75
Floating Mooring Bitts 28 EA L-54 $349,000.00 $9,772,000 25% $12,215,000.00
Check Posts 36 EA L-55 $5,800.00 $208,800 25% $261,000.00
Line Hooks and Guards 180 EA L-56 $4,900.00 $882,000 25% $1,102,500.00
Ladders 34 EA L-57 $11,460.00 $389,640 25% $487,050.00

506313 LOCK STRUCTURE, SPECIAL CONSTRUCTION

Land Chamber Emptying System - Concrete Removal * 1,957 CY MS-15A $720.00 $1,409,040 25% $1,761,300.00
Land Chamber Emptying System Modfication - Sluice 
Gate *

1 JOB MS-15C $240,000.00 $240,000 25% $300,000.00

Land Chamber Emptying System Modfication - 
Structural Steel *

144,485 LBS MS-15D $4.50 $650,183 25% $812,728.13

Land Chamber Emptying System Modfication - 
Concrete Anchors *

337 EA MS-15E $412.00 $138,844 25% $173,555.00

Land Chamber Emptying System Modfication - Rock 
Anchors *

10 EA MS-15F $15,300.00 $153,000 25% $191,250.00

Lowrie's Run - Shotcrete * 83 CY LR-4 $405.00 $33,615 25% $42,018.75
Lowrie's Run - Reinforcing Steel * 2,755 SF LR-5 $18.00 $49,590 25% $61,987.50
Lowrie's Run - Remove Plug Concrete * 17 CY LR-6 $1,900.00 $32,300 25% $40,375.00

050064 CULVERT VALVES & OPERATING MACHINERY

Culvert Bulkheads (Structural Steel) 58,783 LBS L-58 $12.00 $705,396 25% $881,745.00
New Reverse Tainter Valve - Land Chamber 2 EA MS-3B $938,000.00 $1,876,000 25% $2,345,000.00
Filling Culvert Valves and Bulkhead Assemblies 487,300 LBS MS-5 $13.70 $6,676,010 35% $9,012,613.50 Designed is based on Charleroi L/D system 

which is not proven
Emptying Culvert Valves & Bulkheads 138,725 LBS MS-6 $13.50 $1,872,788 35% $2,528,263.13 Designed is based on Charleroi L/D system 

which is not proven
Emptying Basin * 2 EA MS-7a $3,889,000.00 $7,778,000 35% $10,500,300.00 Estimate is based on current design for 

Charleroi L/D.  There is currently some 
concern about the constructibility as 
designed
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PROJECT: UPPER OHIO NAVIGATION STUDY, PENNSYLVANIA
Emsworth Locks and Dams, 
Lock Modernization Option 2 - New 110' x 800' River Chamber and New 110' x 600' Land Chamber
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Filling Valve Operating Machinery * 8 EA MS-10 $115,000.00 $920,000 35% $1,242,000.00 Designed is based on Charleroi L/D system 
which is not proven

Emptying Valve Operating Machinery * 2 JOB MS-11 $129,000.00 $258,000 35% $348,300.00 Designed is based on Charleroi L/D system 
which is not proven

050065 PIPING SYSTEM
Compressed Air System * 2 CHM

B
MS-12 $631,000.00 $1,262,000 25% $1,577,500.00

050066 POWER & LIGHTING SYSTEMS
Lock Electrical System, River Chamber * 1 JOB MS-14a $4,427,000.00 $4,387,000 25% $5,483,750 
Lock Electrical System, Land Chamber * 1 JOB MS-14b $1,394,000.00 $1,383,000 25% $1,728,750 

050099 ASSOCIATED GENERAL ITEMS
Guard Fence 12,230 LF L-59 $70.00 $856,100 25% $1,070,125.00
Esplanade Replacement at Land Wall Building * 360 SY MS-16 $63.00 $22,680 50% $34,020.00 Quantity is based on only replacing known 

quantity, may be more extensive

05.-.-.- LOCKS $486,714,239 $623,140,537 

30.-.-.- PLANNING, ENGINEERING AND DESIGN 1 JOB 6.00% $29,418,000 35% $39,714,300 Current design based on conservative 
assumptions.  Hydraulic modeling and 
subsurface exploration may result in 
additional PED effort

31.-.-.- CONSTRUCTION MANAGEMENT 1 JOB 6.00% $29,418,000 25% $36,772,500 

TOTAL COSTS $704,165,207 
CONTINGENCIES

TOTAL COSTS, ROUNDED $704,000,000 

CONTINGENCIES:

The contingencies  used provide an allowance against some adverse or unanticipated condition not susceptible to exact evaluation from data 
at hand but which must be expressed or represented in the cost estimate.  Contingencies for non-construction accounts were determined by 
the appropriate functional managers.  Individual contingencies for each construction line item were determined by Technical Design Section.
The contingency applied to each line item is based on the level of confidence in the quantities and unit cost for this stage in the project 
planning.  Normal design variances are expected, therefore normal contingency values were used.

In the case of most items for which prices have been determined from Charleroi L/D estimates, the contingency rate of 25% has been used 
since the Cost and Risk Analysis for Charleroi Land Chamber and River Chamber was determined to be approximately 25%)  This includes 

New 600 New 800
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PROJECT: UPPER OHIO NAVIGATION STUDY, PENNSYLVANIA
Emsworth Locks and Dams, 
Lock Modernization Option 2 - New 110' x 800' River Chamber and New 110' x 600' Land Chamber
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uncertainties as to acquistion strategy, funding, and market conditions.

For items which are very similar to items for which recent bid prices were used for developing costs, a contingency of 15% has been used.

For items which have been identified by the draft Risk Register to have higher risk of cost or quantity variation, a higher contingency has been used as noted.

NOTE:

Quantities are from file EMS Cost Quantity Checklist.xls, except as noted by *
Quantities for items noted by * are from worksheet Additional Quantities in the workbook.
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PROJECT: UPPER OHIO NAVIGATION STUDY, PENNSYLVANIA
Emsworth Locks and Dams, 
Lock Modernization Option 3 - New 110' x 1,200' River Chamber and New 110' x 600' Land Chamber
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04.-.-.- DAMS

040001 MOBILIZATION, DEMOBILIZATION & PREP WORK

Mobilization & Preparatory Work (1%) 1 JOB 1.0% $35,000.00 30% $45,500.00 Changes in location of laydown area/batch 
plant and construction methods could affect 
mobilization

040152 Dam Structure
Concrete Demolition of Fixed Crest Dam Weir 1,802 CY R-20 $150.00 $270,300.00 25% $337,875.00
Concrete Demolition of Pier #1 1,794 CY R-21 $150.00 $269,100.00 25% $336,375.00
Concrete Demolition of Gate Sill #1 1,541 CY R-22 $150.00 $231,150.00 25% $288,937.50
Concrete Demolition of Dam Spillway Apron 837 CY R-23 $150.00 $125,550.00 25% $156,937.50
Demolition of Service Bridge - Fixed Crest Weir 8 TONS R-25 $2,550.00 $20,400.00 25% $25,500.00

Demolition of Service Bridge - Pier #1 - Steel 62 TONS R-26 $2,550.00 $158,100.00 25% $197,625.00

Demolition of Service Bridge - Pier #1 - Concrete 17 CY R-27 $150.00 $2,550.00 25% $3,187.50
Demolition of Vertical Lift Steel Dam Gate #1 100 TONS R-28 $750.00 $75,000.00 25% $93,750.00

Removal of Timber Pilings 2,592 LF R-29 $8.00 $20,736.00 25% $25,920.00
Steel Bearing Pile Demolition - Pier #1 1,200 LF R-30 $4.25 $5,100.00 25% $6,375.00
Removal of Sheet Piling, Unknown Size 2,500 LF R-32 $5.25 $13,125.00 25% $16,406.25
Concrete For Dam Pier Filler Wall 2,255 CY D-7 $440.00 $992,200.00 30% $1,289,860.00 Details of tie-in not well defined
Reinforcing Steel for Dam Pier Filler Wall 78,908 LBS D-8 $3.40 $268,287.20 30% $348,773.36 Details of tie-in not well defined
Fill for Apron Removal 3,550 CY D-8a $49.00 $173,950.00 25% $217,437.50
New Dam Gate Sect - Soil Excav (inside Cofferdam)' 13,908 CY D-15 $66.00 $917,928.00 25% $1,147,410.00

SUMMARY COA 04 $3,578,476.20 $4,537,869.61

05.-.-.- LOCKS

050001 MOBILIZATION, DEMOBILIZATION & PREP WORK

Mobilization & Preparatory Work (1%) 1 JOB 1.0% $5,620,000.00 30% $7,306,000.00 Changes in location of laydown area/batch 
plant and construction methods could affect 
mobilization

Concrete Batch Plant * 1 JOB O-1 $16,360,000.00 $16,360,000 45% $23,722,000.00 This item includes laydown area sitework.  
Estimate is based on Primary site.  High risk 
identified for change to Secondary or 
alternate site and unknown work due to 
Phase II environmental study

Concrete Conveyor System * 1,500 LF O-2 $1,600.00 $2,400,000 40% $3,360,000.00 Estimate is based on Primary site.  High risk 
identified for change to Secondary or 
alternate site
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PROJECT: UPPER OHIO NAVIGATION STUDY, PENNSYLVANIA
Emsworth Locks and Dams, 
Lock Modernization Option 3 - New 110' x 1,200' River Chamber and New 110' x 600' Land Chamber
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Concrete Demolition River Wall Including Guard Walls 21,050 CY R-1 $310.00 $6,525,500 25% $8,156,875.00
Concrete Demolition Middle Wall Including Bullnoses 24,050 CY R-2 $160.00 $3,848,000 25% $4,810,000.00
Demolition of Upper Guard Wall Extension Cells 1-3, 
Concrete

735 CY R-3 $320.00 $235,200 25% $294,000.00

Demolition of Upper Guard Wall Extension Cells 1-3, 2,390 CY R-4 $61.20 $146,268 25% $182,835.00
Demolition of Upper Guard Wall Extension Cells 1-
3,Sheet Piling

7,890 LF R-5 $5.25 $41,423 25% $51,778.13

Demolition of Lower Guard Wall Extension Cells 1-7, 
Concrete

7,347 CY R-6 $320.00 $2,351,040 25% $2,938,800.00

Demolition of Lower Guard Wall Extension Cells 1-7, 2,085 CY R-7 $61.20 $127,602 25% $159,502.50
Demolition of Lower Guard Wall Extension Cells 1-7, 
Sheet Piling

43,024 LF R-8 $5.25 $225,876 25% $282,345.00

Removal of Lock Gates - 56 FT Chamber Upper and 
Lower *

300,000 LBS R-9 $0.07 $19,500 25% $24,375.00

Removal of Lock Gates - 110 FT Chamber Upper and 
Lower *

950,000 LBS R-10 $0.07 $61,750 25% $77,187.50

Demolition of Miter Gate Sills - 56 FT Chamber 400 CY R-11 $160.00 $64,000 25% $80,000.00
Demolition of Miter Gate Sills - 110 FT Chamber 260 CY R-12 $160.00 $41,600 25% $52,000.00
Demolition of Emergency Dam Sill - 110 FT Chamber 215 CY R-13 $160.00 $34,400 25% $43,000.00
Demolition of Poiree Dam Sill - 110 FT Chamber 245 CY R-14 $160.00 $39,200 25% $49,000.00
Demolition of Emergency Dam Sill - 56 FT Chamber 118 CY R-15 $160.00 $18,880 25% $23,600.00
Demolition of Poiree Dam Sill - 56 FT Chamber 184 CY R-16 $160.00 $29,440 25% $36,800.00
Removal of Outer Lock Culvert Concrete 1,300 CY R-17 $160.00 $208,000 25% $260,000.00
Demolition of Original Dam Concrete at Cofferdam 570 CY R-18 $160.00 $91,200 25% $114,000.00
Removal of Original Dam Timber at Cofferdam 60 EA R-19 $68.00 $4,080 25% $5,100.00
Demolition of River Wall Building (18'W x 59'-2" x 28'H) 
*

1,105 CY R-33 $80.00 $88,400.00 25% $110,500.00

Demolition of Middle Wall Building (12'W x 40'L x 22'H) 
*

391 CY R-33 $80.00 $31,280.00 25% $39,100.00

Demolition of Land Wall Building (38' W x 80' L x 15' H) 1,689 CY R-34 $75.00 $126,675.00 25% $158,343.75
LW Stabilization - Anchor Drilling in Concrete 2,772 LF SLW-1b $570.00 $1,580,040 40% $2,212,056.00 Concept design, condition of existing Land 

Wall not completely known
LW Stabilization - Anchor Drilling in Rock 5,940 LF SLW-2b $280.00 $1,663,200 40% $2,328,480.00 Concept design, condition of existing Land 

Wall not completely known
LW Stabilization - Anchor Drilling in Soil 495 LF SLW-3b $220.00 $108,900 40% $152,460.00 Concept design, condition of existing Land 

Wall not completely known
LW Stabilization - Rock Anchor 9,270 LF SLW-4b $390.00 $3,615,300 40% $5,061,420.00 Concept design, condition of existing Land 

Wall not completely known
LW Stabilization - Rock Bolts for Old Land Wall 
Foundation Rock

17,440 LF SLW-4AA $90.00 $1,569,600 40% $2,197,440.00 Concept design, condition of existing Land 
Wall not completely known

LW Stabilization - Structural Steel - Waler 138,372 LBS SLW-5 $7.00 $968,604 40% $1,356,045.60 Concept design, condition of existing Land 
Wall not completely known

LW Stabilization - Concrete 3,312 CY SLW-7 $440.00 $1,457,280 40% $2,040,192.00 Concept design, condition of existing Land 
Wall not completely known
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PROJECT: UPPER OHIO NAVIGATION STUDY, PENNSYLVANIA
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Lock Modernization Option 3 - New 110' x 1,200' River Chamber and New 110' x 600' Land Chamber
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LW Stabilization - 'Reinforcing Steel 17,483 LBS SLW-8 $3.40 $59,442 40% $83,219.08 Concept design, condition of existing Land 
Wall not completely known

050002 DRAINAGE
Esplanade Trench & Pipe Drainage System * 1 JOB MS-13a $36,500.00 $36,500 25% $45,625.00

050003 CARE & DIVERSION OF WATER
Cofferdam Closure - Sheet Pile - PS31 - Grade 50 133,960 LF L-122 $87.25 $11,688,010 30% $15,194,413.00 Conceptual design based on assumed site 

conditions
Cofferdam Closure - Sheet Pile - PZ40 - Grade 50 18,772 SF L-122A $64.25 $1,206,101 30% $1,567,931.30 Conceptual design based on assumed site 

conditions
Cofferdam Closure - Sheet Pile - Structural Steel A36 152,880 LBS L-122B $6.93 $1,058,694 30% $1,376,302.20 Conceptual design based on assumed site 

conditions
Cofferdam Closure - Sheet Pile PZ40 - Tie Rods A722 
Grade 

7,844 LBS L-122C $6.93 $54,320 30% $70,615.61 Conceptual design based on assumed site 
conditions

Cofferdam Closure - Drilling and Grouting Tie rods into 
pier

30 EA L-122D $80.00 $2,400 30% $3,120.00 Conceptual design based on assumed site 
conditions

Cofferdam Closure - Jet Grout 3,300 CY L-122E $630.00 $2,079,000 40% $2,910,600.00 Conceptual design based on assumed 
foundation conditions

Cofferdam Closure - Jet Grout - Drilling Through 
Concrete

215 LF L-122E1 $270.00 $58,050 40% $81,270.00 Conceptual design based on assumed 
foundation conditions

Cofferdam Closure - Granular Fill Material 134,592 CY L-123 $53.00 $7,133,376 25% $8,916,720.00
Cofferdam Closure - Excavation - Within Sheets - Wet 19,041 CY L-124 $79.00 $1,504,239 25% $1,880,298.75 Although draft Risk Register identified 

possible cost savings due to Government-
furnished site, cost of devloping site are 
unknown

Cofferdam Closure - Dewatering, River Chamber * 28 MGAL O-4 $20,200.00 $565,600 25% $707,000.00

Cofferdam Closure - Dewatering, Land Chamber * 16 MGAL O-4 $20,200.00 $323,200 25% $404,000.00

Lowrie's Run - Sheet Piling * 2,240 LF LR-1 $87.25 $195,440 25% $244,300.00
Lowrie's Run - Tremie Concrete * 41 CY LR-2 $300.00 $12,300 25% $15,375.00
Lowrie's Run - Steel Walers & Struts * 25,537 LBS LR-3 $6.93 $176,844 25% $221,054.66

050009 BUILDING, PROJECT OPERATIONS
Control Shelters * 4 EA B-1 $79,000.00 $316,000 25% $395,000.00
Middle Wall Control Tower * 1 JOB B-2 $1,700,000.00 $1,700,000 25% $2,125,000.00
Land Wall Maintenance Building * 1 EA B-3 $1,311,000.00 $1,311,000 25% $1,638,750.00

050010 EARTHWORK FOR STRUCTURES
Soil Excavation, Wet 72,825 CY L-110 $66.00 $4,806,450 25% $6,008,062.50 Although draft Risk Register identified 

possible cost savings due to Government-
furnished site, cost of devloping site are 
unknown
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Rock Excavation, Wet 5,934 CY L-110A $286.00 $1,697,124 25% $2,121,405.00 Although draft Risk Register identified 
possible cost savings due to Government-
furnished site, cost of devloping site are 
unknown

Soil Excavation, Dry 1,112 CY L-110B $66.00 $73,392 25% $91,740.00 Although draft Risk Register identified 
possible cost savings due to Government-
furnished site, cost of devloping site are 
unknown

Rock Excavation, Dry 33,703 CY L-110C $96.00 $3,235,488 25% $4,044,360.00 Although draft Risk Register identified 
possible cost savings due to Government-
furnished site, cost of devloping site are 
unknown

Excavation - Soil Within Chamber - Dry 87,755 CY L-125 $66.00 $5,791,830 25% $7,239,787.50 Although draft Risk Register identified 
possible cost savings due to Government-
furnished site, cost of devloping site are 
unknown

Excavation - Rock Within Chamber - Dry 148,817 CY L-126 $96.00 $14,286,432 25% $17,858,040.00 Although draft Risk Register identified 
possible cost savings due to Government-
furnished site, cost of devloping site are 
unknown

Approach Walls - Soil Excavation Wet 32,605 CY AW-201 $66.00 $2,151,930 25% $2,689,912.50 Although draft Risk Register identified 
possible cost savings due to Government-
furnished site, cost of devloping site are 
unknown

Upper Bulkhead and Miter Gate Rock Excavation 21,650 CY L-135 $96.00 $2,078,400 25% $2,598,000.00 Although draft Risk Register identified 
possible cost savings due to Government-
furnished site, cost of devloping site are 
unknown

Upper Bulkhead and Miter Gate Soil Excavation 14,080 CY L-136 $66.00 $929,280 25% $1,161,600.00 Although draft Risk Register identified 
possible cost savings due to Government-
furnished site, cost of devloping site are 
unknown

Emptying Basin, Underwater Alluvium Excavation 6,187 CY MS-7b $59.00 $365,033 25% $456,291.25 Although draft Risk Register identified 
possible cost savings due to Government-
furnished site, cost of devloping site are 
unknown

Emptying Basin, Underwater Rock Excavation 4,749 CY MS-7c $286.00 $1,358,214 25% $1,697,767.50 Although draft Risk Register identified 
possible cost savings due to Government-
furnished site, cost of devloping site are 
unknown

Dredging Lowries Run * 12,000 CY MS-15B $82.00 $984,000 25% $1,230,000.00 Although draft Risk Register identified 
possible cost savings due to Government-
furnished site, cost of devloping site are 
unknown
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PROJECT: UPPER OHIO NAVIGATION STUDY, PENNSYLVANIA
Emsworth Locks and Dams, 
Lock Modernization Option 3 - New 110' x 1,200' River Chamber and New 110' x 600' Land Chamber
(Oct 2009 Cost Level)
 
SCREENING LEVEL ESTIMATE

(Oct 2009 Cost Level)
Adjusted Prices (See Notes)

Account 
Number Description

Estimated 
Quantity Unit

2009 Unit Price 
Item

EDM Unit Prices 
Cotober 2009 

Cost Level Amount Contingencies
FY10 Total with 
Contingencies Remarks on Contingency

05011 FOUNDATION PREPARATION
Drilled Shafts, Permanent Casing 4.5' Dia. Casing 458 LF L-111a $1,800.00 $824,400 30% $1,071,720.00 Design is based on assume subsurface 

conditions.  Exploratory work may result in 
deeper foundations

Drilled Shafts, Permanent Casing 6.5' Dia. Casing 4,360 LF L-111c $2,500.00 $10,900,000 30% $14,170,000.00 Design is based on assume subsurface 
conditions.  Exploratory work may result in 
deeper foundations

Drilled Shafts, Rock Excavation, 4.0' Dia. 514 CY L-112a $1,486.00 $763,804 30% $992,945.20 Design is based on assume subsurface 
conditions.  Exploratory work may result in 
deeper foundations

Drilled Shafts, Rock Excavation, 6.0' Dia. 17,881 CY L-112c $1,326.00 $23,710,206 30% $30,823,267.80 Design is based on assume subsurface 
conditions.  Exploratory work may result in 
deeper foundations

Drilled Shafts, Concrete, 5,000 psi 22,272 CY L-114 $378.00 $8,418,816 30% $10,944,460.80 Design is based on assume subsurface 
conditions.  Exploratory work may result in 
deeper foundations

Drilled Shafts, Reinforcing Steel 9,747,048 LBS L-115 $2.50 $24,367,620 30% $31,677,906.00 Design is based on assume subsurface 
conditions.  Exploratory work may result in 
deeper foundations

050057 LOCK GATES & OPERATING MACHINERY, UPPER 
& LOWER
New 110' Lock Gates Upper and Lower - River 
Chamber

1 JOB MS-2 $5,190,000.00 $5,190,000 25% $6,487,500.00

New 110' Lock Gates Upper and Lower - Land 
Chamber

1 JOB MS-2 $5,190,000.00 $5,190,000 25% $6,487,500.00

Miter Gate Operating Machinery * 8 EA MS-9 $282,000.00 $2,256,000 25% $2,820,000.00
New Lock Dewatering Bulkheads 656,896 LBS MS-4 $9.10 $5,977,754 25% $7,472,192.00
Maintenance Bulkhead Lifting Beam 23,561 LBS MS-8 $9.50 $223,830 25% $279,786.88

050061 GUARD & GUIDE WALLS, UPPER & LOWER
Post Tensioned Concrete Box Beams - 10 x 8 x 110 52 E AW-202A $594,000.00 $30,888,000 25% $38,610,000.00
U/S Guard Wall Pre-Stressed Concrete Skirts - 
Concrete

308 CY AW-203a $9,000.00 $2,772,000 25% $3,465,000.00

Support Cells - Sheet Pile, PS31, 49.1' Dia. 67,624 LF AW-204 $82.00 $5,545,168 25% $6,931,460.00
Support Cells - Excavation - Within Sheets - Wet 20,208 CY AW-205 $79.00 $1,596,432 25% $1,995,540.00
Support Cells - Tremie Concrete 35,346 CY AW-206 $300.00 $10,603,800 25% $13,254,750.00
Support Cells - Cast-In Place Concrete - 4,000 psi 14,061 CY AW-207 $440.00 $6,186,840 25% $7,733,550.00
Support Cells - Reinforcing Steel 310,252 LBS AW-208 $3.40 $1,054,857 25% $1,318,571.00
D/S Guardwall - Floating Pontoon, Concrete 6,492 CY AW-209 $3,290.00 $21,358,680 50% $32,038,020.00 Estimate is based on AE-developed cost for 

Charleroi L/D.  No graving site is identified
D/S Guardwall - Drilled Shafts - 4' Dia Landing 
Supports

896 LF AW-211a $1,500.00 $1,344,000 25% $1,680,000.00

D/S Guardwall - Drilled Shafts - 7' Dia Pylons 325 LF AW-211b $2,900.00 $942,500 25% $1,178,125.00
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PROJECT: UPPER OHIO NAVIGATION STUDY, PENNSYLVANIA
Emsworth Locks and Dams, 
Lock Modernization Option 3 - New 110' x 1,200' River Chamber and New 110' x 600' Land Chamber
(Oct 2009 Cost Level)
 
SCREENING LEVEL ESTIMATE
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Adjusted Prices (See Notes)
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Quantity Unit

2009 Unit Price 
Item

EDM Unit Prices 
Cotober 2009 

Cost Level Amount Contingencies
FY10 Total with 
Contingencies Remarks on Contingency

D/S Guardwall - Drilled Shafts - Alluvium Excavation, 4' 144 CY AW-212a $436.00 $62,784 25% $78,480.00 Although draft Risk Register identified 
possible cost savings due to Government-
furnished site, cost of devloping site are 
unknown

D/S Guardwall - Drilled Shafts - Alluvium Excavation, 7' 82 CY AW-212b $646.00 $52,972 25% $66,215.00 Although draft Risk Register identified 
possible cost savings due to Government-
furnished site, cost of devloping site are 
unknown

D/S Guardwall - Drilled Shafts - Rock Excavation, 4' 120 CY AW-213a $736.00 $88,320 25% $110,400.00 Although draft Risk Register identified 
possible cost savings due to Government-
furnished site, cost of devloping site are 
unknown

D/S Guardwall - Drilled Shafts - Rock Excavation, 7' 204 CY AW-213b $1,386.00 $282,744 25% $353,430.00 Although draft Risk Register identified 
possible cost savings due to Government-
furnished site, cost of devloping site are 
unknown

D/S Guardwall - Drilled Shafts - Tremie Concrete 675 CY AW-214 $378.00 $255,150 25% $318,937.50
D/S Guardwall - Drilled Shafts - Structural Concrete 40 CY AW-215 $378.00 $15,120 25% $18,900.00
D/S Guardwall - Drilled Shafts - Reinforcing Steel 143,000 LBS AW-216 $2.50 $357,500 25% $446,875.00
D/S Guardwall - Pylon Superstructure - Steel 817,500 LBS AW-217 $7.20 $5,886,000 25% $7,357,500.00
D/S Guardwall - Pylon Superstructure -Tremie 
Concrete Fill

1,142 CY AW-218 $378.00 $431,676 25% $539,595.00

D/S Guardwall - Pylon Superstructure -Cast-in-Place 
Concrete

961 CY AW-219 $440.00 $422,840 25% $528,550.00

D/S Guardwall - Pylon Superstructure -Reinforcing 
Steel

6,012 LBS AW-220 $3.40 $20,441 25% $25,551.00

D/S Guard Wall - Guide Keys 162,240 LBS AW-221 $7.20 $1,168,128 25% $1,460,160.00
D/S Guardwall - Pylon Superstructure - Misc. Steel 150,487 LBS AW-222 $7.20 $1,083,506 25% $1,354,383.00
D/S Guardwall - Pylon Superstructure - Gravel Ballast 195 TONS AW-223 $31.00 $6,045 25% $7,556.25

D/S Guardwall - Pylon Superstructure - Armor Bands 258,750 LBS AW-224 $5.80 $1,500,750 25% $1,875,937.50

050063 LOCK STRUCTURE
Cofferbox - Steel (Incl Sheet Pile, King Pile & Bracing 297,460 SFCA L-116 $250.00 $74,365,000 25% $92,956,250.00
Cofferbox - Concrete Tremie Seal - 4,000 psi 44,624 CY L-118 $300.00 $13,387,200 25% $16,734,000.00
Cast-in-Place Concrete 233,943 CY L-120 $270.00 $63,164,610 25% $78,955,762.50
Cast-in-Place Concrete Reinfrocing 5,993,669 LBS L-121 $3.40 $20,378,475 25% $25,473,093.25
Culverts - Concrete - 5,000 psi 29,724 CY L-127 $620.00 $18,428,880 25% $23,036,100.00
Culverts - Concrete - Reinforcing Steel 3,117,289 LBS L-128 $3.40 $10,598,783 25% $13,248,478.25
Upper Bulkhead Sill Concrete 11,796 CY L-129 $210.00 $2,477,160 25% $3,096,450.00
Lock Floor/Slab Walls - Concrete 790 CY L-130 $320.00 $252,800 25% $316,000.00
Lock Floor/Slab Walls - Reinforcing Steel 63,200 LBS L-131 $3.40 $214,880 25% $268,600.00
Upper Miter Gate Intake Sill - Concrete 14,526 CY L-132 $210.00 $3,050,460 25% $3,813,075.00
Upper Miter Gate Intake Sill - Reinforcing Steel 1,033,760 LBS L-133 $3.40 $3,514,784 25% $4,393,480.00
Lower Miter Gate Sill - Concrete 12,014 CY L-137 $210.00 $2,522,940 25% $3,153,675.00
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PROJECT: UPPER OHIO NAVIGATION STUDY, PENNSYLVANIA
Emsworth Locks and Dams, 
Lock Modernization Option 3 - New 110' x 1,200' River Chamber and New 110' x 600' Land Chamber
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Lock Floor Paving - Concrete 5,418 CY L-138 $320.00 $1,733,760 25% $2,167,200.00
Lock Floor Paving - Reinforcing 425,200 LBS L-139 $3.40 $1,445,680 25% $1,807,100.00
Lock Floor Paving - Granular Backfill 20,990 CY L-140 $49.00 $1,028,510 25% $1,285,637.50
Miter Gate Anchorages 81,459 LBS L-103 $7.70 $627,234 25% $784,042.88
Wall Armor 594,662 LBS L-101 $5.80 $3,449,040 25% $4,311,299.50
Corner Protection 436,651 LBS L-102 $6.00 $2,619,906 25% $3,274,882.50
Monolith Joint Protection * 167,440 LBS L-2A $4.50 $753,480 25% $941,850.00
Miter Gate Anchorages 162,918 LBS L-103 $7.70 $1,254,469 25% $1,568,085.75
Floating Mooring Bitts 32 EA L-104 $349,000.00 $11,168,000 25% $13,960,000.00
Check Posts 40 EA L-105 $5,800.00 $232,000 25% $290,000.00
Line Hooks and Guards 200 EA L-106 $4,900.00 $980,000 25% $1,225,000.00
Ladders 38 EA L-107 $11,460.00 $435,480 25% $544,350.00

506313 LOCK STRUCTURE, SPECIAL CONSTRUCTION

Land Chamber Emptying System - Concrete Removal * 1,957 CY MS-15A $720.00 $1,409,040 25% $1,761,300.00
Land Chamber Emptying System Modfication - Sluice 
Gate *

1 JOB MS-15C $240,000.00 $240,000 25% $300,000.00

Land Chamber Emptying System Modfication - 
Structural Steel *

144,485 LBS MS-15D $4.50 $650,183 25% $812,728.13

Land Chamber Emptying System Modfication - 
Concrete Anchors *

337 EA MS-15E $412.00 $138,844 25% $173,555.00

Land Chamber Emptying System Modfication - Rock 
Anchors *

10 EA MS-15F $15,300.00 $153,000 25% $191,250.00

Lowrie's Run - Shotcrete * 83 CY LR-4 $405.00 $33,615 25% $42,018.75
Lowrie's Run - Reinforcing Steel * 2,755 SF LR-5 $18.00 $49,590 25% $61,987.50
Lowrie's Run - Remove Plug Concrete * 17 CY LR-6 $1,900.00 $32,300 25% $40,375.00

050064 CULVERT VALVES & OPERATING MACHINERY

Culvert Bulkheads (Structural Steel) 56,783 LBS L-108 $12.00 $681,396 25% $851,745.00
New Reverse Tainter Valve - Land Chamber 2 EA MS-3B $938,000.00 $1,876,000 25% $2,345,000.00
Filling Culvert Valves and Bulkhead Assemblies 487,300 LBS MS-5 $13.70 $6,676,010 35% $9,012,613.50 Designed is based on Charleroi L/D system 

which is not proven
Emptying Culvert Valves & Bulkheads 138,725 LBS MS-6 $13.50 $1,872,788 35% $2,528,263.13 Designed is based on Charleroi L/D system 

which is not proven
Emptying Basin * 2 EA MS-7a $3,889,000.00 $7,778,000 35% $10,500,300.00 Estimate is based on current design for 

Charleroi L/D.  There is currently some 
concern about the constructibility as 
designed

Filling Valve Operating Machinery * 8 EA MS-10 $115,000.00 $920,000 35% $1,242,000.00 Designed is based on Charleroi L/D system 
which is not proven

Emptying Valve Operating Machinery * 2 JOB MS-11 $129,000.00 $258,000 35% $348,300.00 Designed is based on Charleroi L/D system 
which is not proven
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PROJECT: UPPER OHIO NAVIGATION STUDY, PENNSYLVANIA
Emsworth Locks and Dams, 
Lock Modernization Option 3 - New 110' x 1200' River Chamber and New 110' x 600' Land Chamber
(Oct 2009 Cost Level)
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(Oct 2009 Cost Level)
Adjusted Prices (See Notes)
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2009 Unit Price 
Item

EDM Unit Prices 
Cotober 2009 

Cost Level Amount Contingencies
FY10 Total with 
Contingencies Remarks on Contingency

050065 PIPING SYSTEM
Compressed Air System * 2 CHM

B
MS-12 $631,000.00 $1,262,000 25% $1,577,500.00

050066 POWER & LIGHTING SYSTEMS
Lock Electrical System, River Chamber * 1 JOB MS-14a $4,427,000.00 $4,387,000 25% $5,483,750 
Lock Electrical System, Land Chamber * 1 JOB MS-14b $1,394,000.00 $1,383,000 25% $1,728,750 

050099 ASSOCIATED GENERAL ITEMS
Guard Fence 15,130 LF L-109 $70.00 $1,059,100 25% $1,323,875.00
Esplanade Replacement at Land Wall Building * 360 SY MS-16 $63.00 $22,680 50% $34,020.00 Quantity is based on only replacing known 

quantity, may be more extensive

05.-.-.- LOCKS $567,655,083 $726,701,304 

30.-.-.- PLANNING, ENGINEERING AND DESIGN 1 JOB 6.00% $34,274,000 35% $46,269,900 Current design based on conservative 
assumptions.  Hydraulic modeling and 
subsurface exploration may result in 
additional PED effort

31.-.-.- CONSTRUCTION MANAGEMENT 1 JOB 6.00% $34,274,000 25% $42,842,500 

TOTAL COSTS $820,351,574 
CONTINGENCIES

TOTAL COSTS, ROUNDED $820,000,000 

CONTINGENCIES:

The contingencies  used provide an allowance against some adverse or unanticipated condition not susceptible to exact evaluation from data 
at hand but which must be expressed or represented in the cost estimate.  Contingencies for non-construction accounts were determined by 
the appropriate functional managers.  Individual contingencies for each construction line item were determined by Technical Design Section.
The contingency applied to each line item is based on the level of confidence in the quantities and unit cost for this stage in the project 
planning.  Normal design variances are expected, therefore normal contingency values were used. 

In the case of most items for which prices have been determined from Charleroi L/D estimates, the contingency rate of 25% has been used 
since the Cost and Risk Analysis for Charleroi Land Chamber and River Chamber was determined to be approximately 25%)  This includes 
uncertainties as to acquistion strategy, funding, and market conditions.

For items which are very similar to items for which recent bid prices were used for developing costs, a contingency of 15% has been used.

For items which have been identified by the draft Risk Register to have higher risk of cost or quantity variation, a higher contingency has been used as noted.
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Emsworth Locks and Dams, 
Lock Modernization Option 3 - New 110' x 1,200' River Chamber and New 110' x 600' Land Chamber
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2009 Unit Price 
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EDM Unit Prices 
Cotober 2009 

Cost Level Amount Contingencies
FY10 Total with 
Contingencies Remarks on Contingency

NOTE:

Quantities are from file EMS Cost Quantity Checklist.xls, except as noted by *
Quantities for items noted by * are from worksheet Additional Quantities in the workbook.
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PROJECT: UPPER OHIO NAVIGATION STUDY, PENNSYLVANIA
Emsworth Locks and Dams, 
Lock Modernization Option 4 - New 110' x  600' River Chamber  and Advance Maintenance Existing 110' x 600' Land Chamber
Lock Modernization Option 7 - New 110' x  600' River Chamber  and Reactive Maintenance Existing 110' x 600' Land Chamber
(Oct 2009 Cost Level)
 
SCREENING LEVEL ESTIMATE
This estimate only includes costs for the New 110' x 600' chamber

(Oct 2009 Cost Level)
Adjusted Prices (See Notes)

Account 
Number Description

Estimated 
Quantity Unit

2009 Unit Price 
Item

EDM Unit Prices 
Cotober 2009 

Cost Level Amount Contingencies
FY10 Total with 
Contingencies Remarks on Contingency

04.-.-.- DAMS

040001 MOBILIZATION, DEMOBILIZATION & PREP WORK

Mobilization & Preparatory Work (1%) 1 JOB 1.0% $35,000.00 30% $45,500.00 Changes in location of laydown area/batch 
plant and construction methods could affect 
mobilization

040152 Dam Structure
Concrete Demolition of Fixed Crest Dam Weir 1,802 CY R-20 $150.00 $270,300.00 25% $337,875.00
Concrete Demolition of Pier #1 1,794 CY R-21 $150.00 $269,100.00 25% $336,375.00
Concrete Demolition of Gate Sill #1 1,541 CY R-22 $150.00 $231,150.00 25% $288,937.50
Concrete Demolition of Dam Spillway Apron 837 CY R-23 $150.00 $125,550.00 25% $156,937.50
Demolition of Service Bridge - Fixed Crest Weir 8 TONS R-25 $2,550.00 $20,400.00 25% $25,500.00

Demolition of Service Bridge - Pier #1 - Steel 62 TONS R-26 $2,550.00 $158,100.00 25% $197,625.00

Demolition of Service Bridge - Pier #1 - Concrete 17 CY R-27 $150.00 $2,550.00 25% $3,187.50
Demolition of Vertical Lift Steel Dam Gate #1 100 TONS R-28 $750.00 $75,000.00 25% $93,750.00

Removal of Timber Pilings 2,592 LF R-29 $8.00 $20,736.00 25% $25,920.00
Steel Bearing Pile Demolition - Pier #1 1,200 LF R-30 $4.25 $5,100.00 25% $6,375.00
Removal of Sheet Piling, Unknown Size 2,500 LF R-32 $5.25 $13,125.00 25% $16,406.25
Concrete For Dam Pier Filler Wall 2,255 CY D-7 $440.00 $992,200.00 30% $1,289,860.00 Details of tie-in not well defined
Reinforcing Steel for Dam Pier Filler Wall 78,908 LBS D-8 $3.40 $268,287.20 30% $348,773.36 Details of tie-in not well defined
Fill for Apron Removal 3,550 CY D-8a $49.00 $173,950.00 25% $217,437.50
New Dam Gate Sect - Soil Excav (inside Cofferdam)' 13,908 CY D-15 $66.00 $917,928.00 25% $1,147,410.00

SUMMARY COA 04 $3,578,476.20 $4,537,869.61

05.-.-.- LOCKS

050001 MOBILIZATION, DEMOBILIZATION & PREP WORK

Mobilization & Preparatory Work (1%) 1 JOB 1.0% $2,953,000.00 30% $3,838,900.00 Changes in location of laydown area/batch 
plant and construction methods could affect 
mobilization

Concrete Batch Plant * 1 JOB O-1 $16,360,000.00 $16,360,000 45% $23,722,000.00 This item includes laydown area sitework.  
Estimate is based on Primary site.  High risk 
identified for change to Secondary or 
alternate site and unknown work due to 
Phase II environmental study
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PROJECT: UPPER OHIO NAVIGATION STUDY, PENNSYLVANIA
Emsworth Locks and Dams, 
Lock Modernization Option 4 - New 110' x  600' River Chamber  and Advance Maintenance Existing 110' x 600' Land Chamber
Lock Modernization Option 7 - New 110' x  600' River Chamber  and Reactive Maintenance Existing 110' x 600' Land Chamber
(Oct 2009 Cost Level)
 
SCREENING LEVEL ESTIMATE
This estimate only includes costs for the New 110' x 600' chamber

(Oct 2009 Cost Level)
Adjusted Prices (See Notes)

Account 
Number Description

Estimated 
Quantity Unit

2009 Unit Price 
Item

EDM Unit Prices 
Cotober 2009 

Cost Level Amount Contingencies
FY10 Total with 
Contingencies Remarks on Contingency

Concrete Conveyor System * 1,500 LF O-2 $1,600.00 $2,400,000 40% $3,360,000.00 Estimate is based on Primary site.  High risk 
identified for change to Secondary or 
alternate site

Concrete Demolition River Wall Including Guard Walls 21,050 CY R-1 $310.00 $6,525,500 25% $8,156,875.00
Demolition of Upper Guard Wall Extension Cells 1-3, 
Concrete

735 CY R-3 $320.00 $235,200 25% $294,000.00

Demolition of Upper Guard Wall Extension Cells 1-3, 2,390 CY R-4 $61.20 $146,268 25% $182,835.00
Demolition of Upper Guard Wall Extension Cells 1-
3,Sheet Piling

7,890 LF R-5 $5.25 $41,423 25% $51,778.13

Demolition of Lower Guard Wall Extension Cells 1-7, 
Concrete

7,347 CY R-6 $320.00 $2,351,040 25% $2,938,800.00

Demolition of Lower Guard Wall Extension Cells 1-7, 2,085 CY R-7 $61.20 $127,602 25% $159,502.50
Demolition of Lower Guard Wall Extension Cells 1-7, 
Sheet Piling

43,024 LF R-8 $5.25 $225,876 25% $282,345.00

Removal of Lock Gates - 56 FT Chamber Upper and 
Lower *

300,000 LBS R-9 $0.07 $19,500 25% $24,375.00

Demolition of Miter Gate Sills - 56 FT Chamber * 400 CY R-11 $160.00 $64,000 25% $80,000.00
Demolition of Emergency Dam Sill - 56 FT Chamber 118 CY R-15 $160.00 $18,880 25% $23,600.00
Demolition of Poiree Dam Sill - 56 FT Chamber 184 CY R-16 $160.00 $29,440 25% $36,800.00
Removal of Outer Lock Culvert Concrete 1,300 CY R-17 $160.00 $208,000 25% $260,000.00
Demolition of Original Dam Concrete at Cofferdam 570 CY R-18 $160.00 $91,200 25% $114,000.00
Removal of Original Dam Timber at Cofferdam 60 EA R-19 $68.00 $4,080 25% $5,100.00
Demolition of River Wall Building (18'W x 59'-2" x 28'H) 
*

1,105 CY R-33 $80.00 $88,400.00 25% $110,500.00

050003 CARE & DIVERSION OF WATER
Cofferdam Closure - Sheet Pile - PS31 - Grade 50 91,040 LF L-22 $87.25 $7,943,240 30% $10,326,212.00 Conceptual design based on assumed site 

conditions
Cofferdam Closure - Sheet Pile - PZ40 - Grade 50 18,772 SF L-22A $64.25 $1,206,101 30% $1,567,931.30 Conceptual design based on assumed site 

conditions
Cofferdam Closure - Sheet Pile - Structural Steel A36 152,880 LBS L-22B $6.93 $1,058,694 30% $1,376,302.20 Conceptual design based on assumed site 

conditions
Cofferdam Closure - Sheet Pile PZ40 - Tie Rods A722 
Grade 

7,844 LBS L-22C $6.93 $54,320 30% $70,615.61 Conceptual design based on assumed site 
conditions

Cofferdam Closure - Drilling and Grouting Tie rods into 
pier

30 EA L-22D $80.00 $2,400 30% $3,120.00 Conceptual design based on assumed site 
conditions

Cofferdam Closure - Jet Grout 3,300 CY L-22E $630.00 $2,079,000 40% $2,910,600.00 Conceptual design based on assumed 
foundation conditions

Cofferdam Closure - Jet Grout - Drilling Through 
Concrete

215 LF L-22E1 $270.00 $58,050 40% $81,270.00 Conceptual design based on assumed 
foundation conditions

Cofferdam Closure - Granular Fill Material 96,004 CY L-23 $53.00 $5,088,212 25% $6,360,265.00
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Lock Modernization Option 7 - New 110' x  600' River Chamber  and Reactive Maintenance Existing 110' x 600' Land Chamber
(Oct 2009 Cost Level)
 
SCREENING LEVEL ESTIMATE
This estimate only includes costs for the New 110' x 600' chamber

(Oct 2009 Cost Level)
Adjusted Prices (See Notes)

Account 
Number Description

Estimated 
Quantity Unit

2009 Unit Price 
Item

EDM Unit Prices 
Cotober 2009 

Cost Level Amount Contingencies
FY10 Total with 
Contingencies Remarks on Contingency

Cofferdam Closure - Excavation - Within Sheets - Wet 13,908 CY L-24 $79.00 $1,098,732 25% $1,373,415.00 Although draft Risk Register identified 
possible cost savings due to Government-
furnished site, cost of devloping site are 
unknown

Cofferdam Closure - Dewatering, River Chamber * 20 MGAL O-4 $20,200.00 $404,000 25% $505,000.00

Lowrie's Run - Sheet Piling * 2,240 LF LR-1 $87.25 $195,440 25% $244,300.00
Lowrie's Run - Tremie Concrete * 41 CY LR-2 $300.00 $12,300 25% $15,375.00
Lowrie's Run - Steel Walers & Struts * 25,537 LBS LR-3 $6.93 $176,844 25% $221,054.66

050009 BUILDING, PROJECT OPERATIONS
Control Shelters * 2 EA B-1 $79,000.00 $158,000 25% $197,500.00
Middle Wall Control Tower * 1 JOB B-2 $1,700,000.00 $1,700,000 25% $2,125,000.00

050010 EARTHWORK FOR STRUCTURES
Soil Excavation, Wet 67,241 CY L-10 $66.00 $4,437,906 25% $5,547,382.50 Although draft Risk Register identified 

possible cost savings due to Government-
furnished site, cost of devloping site are 
unknown

Rock Excavation, Wet 3,474 CY L-10A $286.00 $993,564 25% $1,241,955.00 Although draft Risk Register identified 
possible cost savings due to Government-
furnished site, cost of devloping site are 
unknown

Excavation - Soil Within Chamber - Dry 58,755 CY L-25 $66.00 $3,877,830 25% $4,847,287.50 Although draft Risk Register identified 
possible cost savings due to Government-
furnished site, cost of devloping site are 
unknown

Excavation - Rock Within Chamber - Dry 41,206 CY L-26 $96.00 $3,955,776 25% $4,944,720.00 Although draft Risk Register identified 
possible cost savings due to Government-
furnished site, cost of devloping site are 
unknown

Approach Walls - Soil Excavation Wet 18,340 CY AW-1 $66.00 $1,210,440 25% $1,513,050.00 Although draft Risk Register identified 
possible cost savings due to Government-
furnished site, cost of devloping site are 
unknown

Upper Bulkhead and Miter Gate Rock Excavation 21,650 CY L-35 $96.00 $2,078,400 25% $2,598,000.00 Although draft Risk Register identified 
possible cost savings due to Government-
furnished site, cost of devloping site are 
unknown

Upper Bulkhead and Miter Gate Soil Excavation 8,000 CY L-36 $66.00 $528,000 25% $660,000.00 Although draft Risk Register identified 
possible cost savings due to Government-
furnished site, cost of devloping site are 
unknown
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PROJECT: UPPER OHIO NAVIGATION STUDY, PENNSYLVANIA
Emsworth Locks and Dams, 
Lock Modernization Option 4 - New 110' x  600' River Chamber  and Advance Maintenance Existing 110' x 600' Land Chamber
Lock Modernization Option 7 - New 110' x  600' River Chamber  and Reactive Maintenance Existing 110' x 600' Land Chamber
(Oct 2009 Cost Level)
 
SCREENING LEVEL ESTIMATE
This estimate only includes costs for the New 110' x 600' chamber

(Oct 2009 Cost Level)
Adjusted Prices (See Notes)

Account 
Number Description

Estimated 
Quantity Unit

2009 Unit Price 
Item

EDM Unit Prices 
Cotober 2009 

Cost Level Amount Contingencies
FY10 Total with 
Contingencies Remarks on Contingency

Emptying Basin, Underwater Alluvium Excavation 6,187 CY MS-7b $59.00 $365,033 25% $456,291.25 Although draft Risk Register identified 
possible cost savings due to Government-
furnished site, cost of devloping site are 
unknown

Emptying Basin, Underwater Rock Excavation 4,749 CY MS-7c $286.00 $1,358,214 25% $1,697,767.50 Although draft Risk Register identified 
possible cost savings due to Government-
furnished site, cost of devloping site are 
unknown

Dredging Lowries Run * 12,000 CY MS-15B $82.00 $984,000 25% $1,230,000.00 Although draft Risk Register identified 
possible cost savings due to Government-
furnished site, cost of devloping site are 
unknown

05011 FOUNDATION PREPARATION
Drilled Shafts, Permanent Casing 6.5' Dia. Casing 3,109 LF L-11b $2,500.00 $7,772,500 30% $10,104,250.00 Design is based on assume subsurface 

conditions.  Exploratory work may result in 
deeper foundations

Drilled Shafts, Rock Excavation, 6.0' Dia. 11,072 CY L-12b $1,326.00 $14,681,472 30% $19,085,913.60 Design is based on assume subsurface 
conditions.  Exploratory work may result in 
deeper foundations

Drilled Shafts, Concrete, 5,000 psi 13,608 CY L-14 $378.00 $5,143,824 30% $6,686,971.20 Design is based on assume subsurface 
conditions.  Exploratory work may result in 
deeper foundations

Drilled Shafts, Reinforcing Steel 6,407,095 LBS L-15 $2.50 $16,017,738 30% $20,823,058.75 Design is based on assume subsurface 
conditions.  Exploratory work may result in 
deeper foundations

050057 LOCK GATES & OPERATING MACHINERY, UPPER 
& LOWER
New 110' Lock Gates Upper and Lower - River 
Chamber

1 JOB MS-2 $5,190,000.00 $5,190,000 25% $6,487,500.00

Miter Gate Operating Machinery * 4 EA MS-9 $282,000.00 $1,128,000 25% $1,410,000.00
New Lock Dewatering Bulkheads 656,896 LBS MS-4 $9.10 $5,977,754 25% $7,472,192.00
Maintenance Bulkhead Lifting Beam 23,561 LBS MS-8 $9.50 $223,830 25% $279,786.88

050061 GUARD & GUIDE WALLS, UPPER & LOWER
Post Tensioned Concrete Box Beams - 10 x 8 x 110 12 EA AW-2A $594,000.00 $7,128,000 25% $8,910,000.00
U/S Guard Wall Pre-Stressed Concrete Skirts - 
Concrete

164 CY AW-3a $9,000.00 $1,476,000 25% $1,845,000.00

Support Cells - Sheet Pile, PS31, 49.1' Dia. 20,746 LF AW-4 $82.00 $1,701,172 25% $2,126,465.00
Support Cells - Excavation - Within Sheets - Wet 5,052 CY AW-5 $79.00 $399,108 25% $498,885.00
Support Cells - Tremie Concrete 11,642 CY AW-6 $300.00 $3,492,600 25% $4,365,750.00
Support Cells - Cast-In Place Concrete - 4,000 psi 3,404 CY AW-7 $440.00 $1,497,760 25% $1,872,200.00
Support Cells - Reinforcing Steel 56,657 LBS AW-8 $3.40 $192,634 25% $240,792.25
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D/S Guardwall - Floating Pontoon, Concrete 3,388 CY AW-9 $3,290.00 $11,146,520 50% $16,719,780.00 Estimate is based on AE-developed cost for 
Charleroi L/D.  No graving site is identified

D/S Guardwall - Drilled Shafts - 4' Dia Landing 
Supports

384 LF AW-11a $1,500.00 $576,000 25% $720,000.00

D/S Guardwall - Drilled Shafts - 7' Dia Pylons 325 LF AW-11b $2,900.00 $942,500 25% $1,178,125.00
D/S Guardwall - Drilled Shafts - Alluvium Excavation, 4' 62 CY AW-12a $436.00 $27,032 25% $33,790.00 Although draft Risk Register identified 

possible cost savings due to Government-
furnished site, cost of devloping site are 
unknown

D/S Guardwall - Drilled Shafts - Alluvium Excavation, 7' 82 CY AW-12b $646.00 $52,972 25% $66,215.00 Although draft Risk Register identified 
possible cost savings due to Government-
furnished site, cost of devloping site are 
unknown

D/S Guardwall - Drilled Shafts - Rock Excavation, 4' 51 CY AW-13a $736.00 $37,536 25% $46,920.00 Although draft Risk Register identified 
possible cost savings due to Government-
furnished site, cost of devloping site are 
unknown

D/S Guardwall - Drilled Shafts - Rock Excavation, 7' 204 CY AW-13b $1,386.00 $282,744 25% $353,430.00 Although draft Risk Register identified 
possible cost savings due to Government-
furnished site, cost of devloping site are 
unknown

D/S Guardwall - Drilled Shafts - Tremie Concrete 518 CY AW-14 $378.00 $195,804 25% $244,755.00
D/S Guardwall - Drilled Shafts - Structural Concrete 40 CY AW-15 $378.00 $15,120 25% $18,900.00
D/S Guardwall - Drilled Shafts - Reinforcing Steel 111,600 LBS AW-16 $2.50 $279,000 25% $348,750.00
D/S Guardwall - Pylon Superstructure - Steel 817,500 LBS AW-17 $7.20 $5,886,000 25% $7,357,500.00
D/S Guardwall - Pylon Superstructure -Tremie 
Concrete Fill

1,142 CY AW-18 $378.00 $431,676 25% $539,595.00

D/S Guardwall - Pylon Superstructure -Cast-in-Place 
Concrete

961 CY AW-19 $440.00 $422,840 25% $528,550.00

D/S Guardwall - Pylon Superstructure -Reinforcing 
Steel

6,012 LBS AW-20 $3.40 $20,441 25% $25,551.00

D/S Guard Wall - Guide Keys 162,240 LBS AW-21 $7.20 $1,168,128 25% $1,460,160.00
D/S Guardwall - Pylon Superstructure - Misc. Steel 130,316 LBS AW-22 $7.20 $938,275 25% $1,172,844.00
D/S Guardwall - Pylon Superstructure - Gravel Ballast 104 TONS AW-23 $31.00 $3,224 25% $4,030.00

D/S Guardwall - Pylon Superstructure - Armor Bands 138,000 LBS AW-24 $5.80 $800,400 25% $1,000,500.00

050063 LOCK STRUCTURE
Cofferbox - Steel (Incl Sheet Pile, King Pile & Bracing 171,200 SFCA L-16 $250.00 $42,800,000 25% $53,500,000.00
Cofferbox - Concrete Tremie Seal - 4,000 psi 29,949 CY L-18 $300.00 $8,984,700 25% $11,230,875.00
Cast-in-Place Concrete 97,457 CY L-20 $270.00 $26,313,390 25% $32,891,737.50
Cast-in-Place Concrete Reinfrocing 2,763,482 LBS L-21 $3.40 $9,395,839 25% $11,744,798.50
Culverts - Concrete - 5,000 psi 3,788 CY L-27 $620.00 $2,348,560 25% $2,935,700.00
Culverts - Concrete - Reinforcing Steel 694,814 LBS L-28 $3.40 $2,362,368 25% $2,952,959.50
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Upper Bulkhead Sill Concrete 6,939 CY L-29 $210.00 $1,457,190 25% $1,821,487.50
Lock Floor/Slab Walls - Concrete 790 CY L-30 $320.00 $252,800 25% $316,000.00
Lock Floor/Slab Walls - Reinforcing Steel 63,200 LBS L-31 $3.40 $214,880 25% $268,600.00
Upper Miter Gate Intake Sill - Concrete 7,952 CY L-32 $210.00 $1,669,920 25% $2,087,400.00
Upper Miter Gate Intake Sill - Reinforcing Steel 1,033,760 LBS L-33 $3.40 $3,514,784 25% $4,393,480.00
Lower Miter Gate Sill - Concrete 6,007 CY L-37 $210.00 $1,261,470 25% $1,576,837.50
Lock Floor Paving - Concrete 1,711 CY L-38 $320.00 $547,520 25% $684,400.00
Lock Floor Paving - Reinforcing 132,480 LBS L-39 $3.40 $450,432 25% $563,040.00
Lock Floor Paving - Granular Backfill 9,660 CY L-40 $49.00 $473,340 25% $591,675.00
Wall Armor 233503 LBS L-1 $5.80 $1,354,317 25% $1,692,896.75 233503 
Corner Protection 160,728 LBS L-2 $6.00 $964,368 25% $1,205,460.00
Monolith Joint Protection 58,954 LBS L-2A $4.50 $265,293 25% $331,616.25
Miter Gate Anchorages 81,459 LBS L-3 $7.70 $627,234 25% $784,042.88
Floating Mooring Bitts 12 EA L-4 $349,000.00 $4,188,000 25% $5,235,000.00
Check Posts 16 EA L-5 $5,800.00 $92,800 25% $116,000.00
Line Hooks and Guards 80 EA L-6 $4,900.00 $392,000 25% $490,000.00
Ladders 16 EA L-7 $11,460.00 $183,360 25% $229,200.00

506313 LOCK STRUCTURE, SPECIAL CONSTRUCTION

Land Chamber Emptying System - Concrete Removal * 1,957 CY MS-15A $720.00 $1,409,040 25% $1,761,300.00
Land Chamber Emptying System Modfication - Sluice 
Gate *

1 JOB MS-15C $240,000.00 $240,000 25% $300,000.00

Land Chamber Emptying System Modfication - 
Structural Steel *

144,485 LBS MS-15D $4.50 $650,183 25% $812,728.13

Land Chamber Emptying System Modfication - 
Concrete Anchors *

337 EA MS-15E $412.00 $138,844 25% $173,555.00

Land Chamber Emptying System Modfication - Rock 
Anchors *

10 EA MS-15F $15,300.00 $153,000 25% $191,250.00

Lowrie's Run - Shotcrete * 83 CY LR-4 $405.00 $33,615 25% $42,018.75
Lowrie's Run - Reinforcing Steel * 2,755 SF LR-5 $18.00 $49,590 25% $61,987.50
Lowrie's Run - Remove Plug Concrete * 17 CY LR-6 $1,900.00 $32,300 25% $40,375.00

050064 CULVERT VALVES & OPERATING MACHINERY

Culvert Bulkheads (Structural Steel) 28,391 LBS L-8 $12.00 $340,692 25% $425,865.00
Filling Culvert Valves and Bulkhead Assemblies 487,300 LBS MS-5 $13.70 $6,676,010 35% $9,012,613.50 Designed is based on Charleroi L/D system 

which is not proven
Emptying Culvert Valves & Bulkheads 138,725 LBS MS-6 $13.50 $1,872,788 35% $2,528,263.13 Designed is based on Charleroi L/D system 

which is not proven
Emptying Basin * 1 EA MS-7a1 $2,333,000.00 $2,333,000 35% $3,149,550.00 Estimate is based on current design for 

Charleroi L/D.  There is currently some 
concern about the constructibility as 
designed
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For items which have been identified by the draft Risk Register to have higher risk of cost or quantity variation, a higher contingency has been used as noted.

NOTE:

Quantities are from file EMS Cost Quantity Checklist.xls, except as noted by *
Quantities for items noted by * are from worksheet Additional Quantities in the workbook.
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04.-.-.- DAMS

040001 MOBILIZATION, DEMOBILIZATION & PREP WORK

Mobilization & Preparatory Work (1%) 1 JOB 1.0% $35,000.00 30% $45,500.00 Changes in location of laydown area/batch 
plant and construction methods could affect 
mobilization

040152 Dam Structure
Concrete Demolition of Fixed Crest Dam Weir 1,802 CY R-20 $150.00 $270,300.00 25% $337,875.00
Concrete Demolition of Pier #1 1,794 CY R-21 $150.00 $269,100.00 25% $336,375.00
Concrete Demolition of Gate Sill #1 1,541 CY R-22 $150.00 $231,150.00 25% $288,937.50
Concrete Demolition of Dam Spillway Apron 837 CY R-23 $150.00 $125,550.00 25% $156,937.50
Demolition of Service Bridge - Fixed Crest Weir 8 TONS R-25 $2,550.00 $20,400.00 25% $25,500.00

Demolition of Service Bridge - Pier #1 - Steel 62 TONS R-26 $2,550.00 $158,100.00 25% $197,625.00

Demolition of Service Bridge - Pier #1 - Concrete 17 CY R-27 $150.00 $2,550.00 25% $3,187.50
Demolition of Vertical Lift Steel Dam Gate #1 100 TONS R-28 $750.00 $75,000.00 25% $93,750.00

Removal of Timber Pilings 2,592 LF R-29 $8.00 $20,736.00 25% $25,920.00
Steel Bearing Pile Demolition - Pier #1 1,200 LF R-30 $4.25 $5,100.00 25% $6,375.00
Removal of Sheet Piling, Unknown Size 2,500 LF R-32 $5.25 $13,125.00 25% $16,406.25
Concrete For Dam Pier Filler Wall 2,255 CY D-7 $440.00 $992,200.00 30% $1,289,860.00 Details of tie-in not well defined
Reinforcing Steel for Dam Pier Filler Wall 78,908 LBS D-8 $3.40 $268,287.20 30% $348,773.36 Details of tie-in not well defined
Fill for Apron Removal 3,550 CY D-8a $49.00 $173,950.00 25% $217,437.50
New Dam Gate Sect - Soil Excav (inside Cofferdam)' 13,908 CY D-15 $66.00 $917,928.00 25% $1,147,410.00

SUMMARY COA 04 $3,578,476.20 $4,537,869.61

05.-.-.- LOCKS

050001 MOBILIZATION, DEMOBILIZATION & PREP WORK

Mobilization & Preparatory Work (1%) 1 JOB 1.0% $3,481,000.00 30% $4,525,300.00 Changes in location of laydown area/batch 
plant and construction methods could affect 
mobilization

Concrete Batch Plant * 1 JOB O-1 $16,360,000.00 $16,360,000 45% $23,722,000.00 This item includes laydown area sitework.  
Estimate is based on Primary site.  High risk 
identified for change to Secondary or 
alternate site and unknown work due to 
Phase II environmental study
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Concrete Conveyor System * 1,500 LF O-2 $1,600.00 $2,400,000 40% $3,360,000.00 Estimate is based on Primary site.  High risk 
identified for change to Secondary or 
alternate site

Concrete Demolition River Wall Including Guard Walls 21,050 CY R-1 $310.00 $6,525,500 25% $8,156,875.00
Demolition of Upper Guard Wall Extension Cells 1-3, 
Concrete

735 CY R-3 $320.00 $235,200 25% $294,000.00

Demolition of Upper Guard Wall Extension Cells 1-3, 2,390 CY R-4 $61.20 $146,268 25% $182,835.00
Demolition of Upper Guard Wall Extension Cells 1-
3,Sheet Piling

7,890 LF R-5 $5.25 $41,423 25% $51,778.13

Demolition of Lower Guard Wall Extension Cells 1-7, 
Concrete

7,347 CY R-6 $320.00 $2,351,040 25% $2,938,800.00

Demolition of Lower Guard Wall Extension Cells 1-7, 2,085 CY R-7 $61.20 $127,602 25% $159,502.50
Demolition of Lower Guard Wall Extension Cells 1-7, 
Sheet Piling

43,024 LF R-8 $5.25 $225,876 25% $282,345.00

Removal of Lock Gates - 56 FT Chamber Upper and 
Lower *

300,000 LBS R-9 $0.07 $19,500 25% $24,375.00

Demolition of Miter Gate Sills - 56 FT Chamber 400 CY R-11 $160.00 $64,000 25% $80,000.00
Demolition of Emergency Dam Sill - 56 FT Chamber 118 CY R-15 $160.00 $18,880 25% $23,600.00
Demolition of Poiree Dam Sill - 56 FT Chamber 184 CY R-16 $160.00 $29,440 25% $36,800.00
Removal of Outer Lock Culvert Concrete 1,300 CY R-17 $160.00 $208,000 25% $260,000.00
Demolition of Original Dam Concrete at Cofferdam 570 CY R-18 $160.00 $91,200 25% $114,000.00
Removal of Original Dam Timber at Cofferdam 60 EA R-19 $68.00 $4,080 25% $5,100.00
Demolition of River Wall Building (18'W x 59'-2" x 28'H) 
*

1,105 CY R-33 $80.00 $88,400.00 25% $110,500.00

050003 CARE & DIVERSION OF WATER
Cofferdam Closure - Sheet Pile - PS31 - Grade 50 91,040 LF L-72 $87.25 $7,943,240 30% $10,326,212.00 Conceptual design based on assumed site 

conditions
Cofferdam Closure - Sheet Pile - PZ40 - Grade 50 18,772 SF L-72A $64.25 $1,206,101 30% $1,567,931.30 Conceptual design based on assumed site 

conditions
Cofferdam Closure - Sheet Pile - Structural Steel A36 152,880 LBS L-72B $6.93 $1,058,694 30% $1,376,302.20 Conceptual design based on assumed site 

conditions
Cofferdam Closure - Sheet Pile PZ40 - Tie Rods A722 
Grade 

7,844 LBS L-72C $6.93 $54,320 30% $70,615.61 Conceptual design based on assumed site 
conditions

Cofferdam Closure - Drilling and Grouting Tie rods into 
pier

30 EA L-72D $80.00 $2,400 30% $3,120.00 Conceptual design based on assumed site 
conditions

Cofferdam Closure - Jet Grout 3,300 CY L-72E $630.00 $2,079,000 40% $2,910,600.00 Conceptual design based on assumed 
foundation conditions

Cofferdam Closure - Jet Grout - Drilling Through 
Concrete

215 LF L-72E1 $270.00 $58,050 40% $81,270.00 Conceptual design based on assumed 
foundation conditions

Cofferdam Closure - Granular Fill Material 96,004 CY L-73 $53.00 $5,088,212 25% $6,360,265.00
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Cofferdam Closure - Excavation - Within Sheets - Wet 13,908 CY L-74 $79.00 $1,098,732 25% $1,373,415.00 Although draft Risk Register identified 
possible cost savings due to Government-
furnished site, cost of devloping site are 
unknown

Cofferdam Closure - Dewatering, River Chamber * 23 MGAL O-4 $20,200.00 $464,600 25% $580,750.00

Lowrie's Run - Sheet Piling * 2,240 LF LR-1 $87.25 $195,440 25% $244,300.00
Lowrie's Run - Tremie Concrete * 41 CY LR-2 $300.00 $12,300 25% $15,375.00
Lowrie's Run - Steel Walers & Struts * 25,537 LBS LR-3 $6.93 $176,844 25% $221,054.66

050009 BUILDING, PROJECT OPERATIONS
Control Shelters * 2 EA B-1 $79,000.00 $158,000 25% $197,500.00
Middle Wall Control Tower * 1 JOB B-2 $1,700,000.00 $1,700,000 25% $2,125,000.00

050010 EARTHWORK FOR STRUCTURES
Soil Excavation, Wet 68,246 CY L-60 $66.00 $4,504,236 25% $5,630,295.00 Although draft Risk Register identified 

possible cost savings due to Government-
furnished site, cost of devloping site are 
unknown

Rock Excavation, Wet 4,198 CY L-60A $286.00 $1,200,628 25% $1,500,785.00 Although draft Risk Register identified 
possible cost savings due to Government-
furnished site, cost of devloping site are 
unknown

Excavation - Soil Within Chamber - Dry 65,605 CY L-75 $66.00 $4,329,930 25% $5,412,412.50 Although draft Risk Register identified 
possible cost savings due to Government-
furnished site, cost of devloping site are 
unknown

Excavation - Rock Within Chamber - Dry 70,097 CY L-76 $96.00 $6,729,312 25% $8,411,640.00 Although draft Risk Register identified 
possible cost savings due to Government-
furnished site, cost of devloping site are 
unknown

Approach Walls - Soil Excavation Wet 20,417 CY AW-101 $66.00 $1,347,522 25% $1,684,402.50 Although draft Risk Register identified 
possible cost savings due to Government-
furnished site, cost of devloping site are 
unknown

Upper Bulkhead and Miter Gate Rock Excavation 21,650 CY L-85 $96.00 $2,078,400 25% $2,598,000.00 Although draft Risk Register identified 
possible cost savings due to Government-
furnished site, cost of devloping site are 
unknown

Upper Bulkhead and Miter Gate Soil Excavation 8,000 CY L-86 $66.00 $528,000 25% $660,000.00 Although draft Risk Register identified 
possible cost savings due to Government-
furnished site, cost of devloping site are 
unknown
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(Oct 2009 Cost Level)
 
SCREENING LEVEL ESTIMATE
This estimate only includes costs for the New 110' x 800' chamber

(Oct 2009 Cost Level)
Adjusted Prices (See Notes)

Account 
Number Description
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Quantity Unit

2009 Unit Price 
Item

EDM Unit Prices 
Cotober 2009 

Cost Level Amount Contingencies
FY10 Total with 
Contingencies Remarks on Contingency

Emptying Basin, Underwater Alluvium Excavation 6,187 CY MS-7b $59.00 $365,033 25% $456,291.25 Although draft Risk Register identified 
possible cost savings due to Government-
furnished site, cost of devloping site are 
unknown

Emptying Basin, Underwater Rock Excavation 4,749 CY MS-7c $286.00 $1,358,214 25% $1,697,767.50 Although draft Risk Register identified 
possible cost savings due to Government-
furnished site, cost of devloping site are 
unknown

Dredging Lowries Run * 12,000 CY MS-15B $82.00 $984,000 25% $1,230,000.00 Although draft Risk Register identified 
possible cost savings due to Government-
furnished site, cost of devloping site are 
unknown

05011 FOUNDATION PREPARATION
Drilled Shafts, Permanent Casing 4.5' Dia. Casing 424 LF L-61a $1,800.00 $763,200 30% $992,160.00 Design is based on assume subsurface 

conditions.  Exploratory work may result in 
deeper foundations

Drilled Shafts, Permanent Casing 6.5' Dia. Casing 3,311 LF L-61c $2,500.00 $8,277,500 30% $10,760,750.00 Design is based on assume subsurface 
conditions.  Exploratory work may result in 
deeper foundations

Drilled Shafts, Rock Excavation, 4.0' Dia. 514 CY L-62a $1,486.00 $763,804 30% $992,945.20 Design is based on assume subsurface 
conditions.  Exploratory work may result in 
deeper foundations

Drilled Shafts, Rock Excavation, 6.0' Dia. 12,721 CY L-62c $1,326.00 $16,868,046 30% $21,928,459.80 Design is based on assume subsurface 
conditions.  Exploratory work may result in 
deeper foundations

Drilled Shafts, Concrete, 5,000 psi 15,872 CY L-64 $378.00 $5,999,616 30% $7,799,500.80 Design is based on assume subsurface 
conditions.  Exploratory work may result in 
deeper foundations

Drilled Shafts, Reinforcing Steel 7,473,594 LBS L-65 $2.50 $18,683,985 30% $24,289,180.50 Design is based on assume subsurface 
conditions.  Exploratory work may result in 
deeper foundations

050057 LOCK GATES & OPERATING MACHINERY, UPPER 
& LOWER
New 110' Lock Gates Upper and Lower - River 
Chamber

1 JOB MS-2 $5,190,000.00 $5,190,000 25% $6,487,500.00

Miter Gate Operating Machinery * 4 EA MS-9 $282,000.00 $1,128,000 25% $1,410,000.00
New Lock Dewatering Bulkheads 656,896 LBS MS-4 $9.10 $5,977,754 25% $7,472,192.00
Maintenance Bulkhead Lifting Beam 23,561 LBS MS-8 $9.50 $223,830 25% $279,786.88

050061 GUARD & GUIDE WALLS, UPPER & LOWER
Post Tensioned Concrete Box Beams - 10 x 8 x 110 16 E AW-102A $594,000.00 $9,504,000 25% $11,880,000.00
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U/S Guard Wall Pre-Stressed Concrete Skirts - 
Concrete

220 CY AW-103a $9,000.00 $1,980,000 25% $2,475,000.00

Support Cells - Sheet Pile, PS31, 49.1' Dia. 25,070 LF AW-104 $82.00 $2,055,740 25% $2,569,675.00
Support Cells - Excavation - Within Sheets - Wet 6,736 CY AW-105 $79.00 $532,144 25% $665,180.00
Support Cells - Tremie Concrete 13,745 CY AW-106 $300.00 $4,123,500 25% $5,154,375.00
Support Cells - Cast-In Place Concrete - 4,000 psi 4,439 CY AW-107 $440.00 $1,953,160 25% $2,441,450.00
Support Cells - Reinforcing Steel 75,408 LBS AW-108 $3.40 $256,387 25% $320,484.00
D/S Guardwall - Floating Pontoon, Concrete 4,713 CY AW-109 $3,290.00 $15,505,770 50% $23,258,655.00 Estimate is based on AE-developed cost for 

Charleroi L/D.  No graving site is identified
D/S Guardwall - Drilled Shafts - 4' Dia Landing 
Supports

640 LF AW-111a $1,500.00 $960,000 25% $1,200,000.00

D/S Guardwall - Drilled Shafts - 7' Dia Pylons 325 LF AW-111b $2,900.00 $942,500 25% $1,178,125.00
D/S Guardwall - Drilled Shafts - Alluvium Excavation, 4' 103 CY AW-112a $436.00 $44,908 25% $56,135.00 Although draft Risk Register identified 

possible cost savings due to Government-
furnished site, cost of devloping site are 
unknown

D/S Guardwall - Drilled Shafts - Alluvium Excavation, 7' 82 CY AW-112b $646.00 $52,972 25% $66,215.00 Although draft Risk Register identified 
possible cost savings due to Government-
furnished site, cost of devloping site are 
unknown

D/S Guardwall - Drilled Shafts - Rock Excavation, 4' 85 CY AW-113a $736.00 $62,560 25% $78,200.00 Although draft Risk Register identified 
possible cost savings due to Government-
furnished site, cost of devloping site are 
unknown

D/S Guardwall - Drilled Shafts - Rock Excavation, 7' 204 CY AW-113b $1,386.00 $282,744 25% $353,430.00 Although draft Risk Register identified 
possible cost savings due to Government-
furnished site, cost of devloping site are 
unknown

D/S Guardwall - Drilled Shafts - Tremie Concrete 597 CY AW-114 $378.00 $225,666 25% $282,082.50
D/S Guardwall - Drilled Shafts - Structural Concrete 40 CY AW-115 $378.00 $15,120 25% $18,900.00
D/S Guardwall - Drilled Shafts - Reinforcing Steel 127,400 LBS AW-116 $2.50 $318,500 25% $398,125.00
D/S Guardwall - Pylon Superstructure - Steel 817,500 LBS AW-117 $7.20 $5,886,000 25% $7,357,500.00
D/S Guardwall - Pylon Superstructure -Tremie 
Concrete Fill

1,142 CY AW-118 $378.00 $431,676 25% $539,595.00

D/S Guardwall - Pylon Superstructure -Cast-in-Place 
Concrete

961 CY AW-119 $440.00 $422,840 25% $528,550.00

D/S Guardwall - Pylon Superstructure -Reinforcing 
Steel

6,012 LBS AW-120 $3.40 $20,441 25% $25,551.00

D/S Guard Wall - Guide Keys 162,240 LBS AW-121 $7.20 $1,168,128 25% $1,460,160.00
D/S Guardwall - Pylon Superstructure - Misc. Steel 137,902 LBS AW-122 $7.20 $992,894 25% $1,241,118.00
D/S Guardwall - Pylon Superstructure - Gravel Ballast 140 TONS AW-123 $31.00 $4,340 25% $5,425.00

D/S Guardwall - Pylon Superstructure - Armor Bands 186,300 LBS AW-124 $5.80 $1,080,540 25% $1,350,675.00
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050063 LOCK STRUCTURE
Cofferbox - Steel (Incl Sheet Pile, King Pile & Bracing 220,420 SFCA L-66 $250.00 $55,105,000 25% $68,881,250.00
Cofferbox - Concrete Tremie Seal - 4,000 psi 34,076 CY L-68 $300.00 $10,222,800 25% $12,778,500.00
Cast-in-Place Concrete 111,067 CY L-70 $270.00 $29,988,090 25% $37,485,112.50
Cast-in-Place Concrete Reinfrocing 3,124,393 LBS L-71 $3.40 $10,622,936 25% $13,278,670.25
Culverts - Concrete - 5,000 psi 10,064 CY L-77 $620.00 $6,239,680 25% $7,799,600.00
Culverts - Concrete - Reinforcing Steel 1,869,035 LBS L-78 $3.40 $6,354,719 25% $7,943,398.75
Upper Bulkhead Sill Concrete 6,939 CY L-79 $210.00 $1,457,190 25% $1,821,487.50
Lock Floor/Slab Walls - Concrete 790 CY L-80 $320.00 $252,800 25% $316,000.00
Lock Floor/Slab Walls - Reinforcing Steel 63,200 LBS L-81 $3.40 $214,880 25% $268,600.00
Upper Miter Gate Intake Sill - Concrete 7,952 CY L-82 $210.00 $1,669,920 25% $2,087,400.00
Upper Miter Gate Intake Sill - Reinforcing Steel 1,033,760 LBS L-83 $3.40 $3,514,784 25% $4,393,480.00
Lower Miter Gate Sill - Concrete 6,007 CY L-87 $210.00 $1,261,470 25% $1,576,837.50
Lock Floor Paving - Concrete 2,232 CY L-88 $320.00 $714,240 25% $892,800.00
Lock Floor Paving - Reinforcing 172,800 LBS L-89 $3.40 $587,520 25% $734,400.00
Lock Floor Paving - Granular Backfill 12,600 CY L-90 $49.00 $617,400 25% $771,750.00
Wall Armor 295,541 LBS L-51 $5.80 $1,714,138 25% $2,142,672.25
Corner Protection 205,317 LBS L-52 $6.00 $1,231,902 25% $1,539,877.50
Monolith Joint Protection 78,066 LBS L-2A $4.50 $351,297 25% $439,121.25
Miter Gate Anchorages 81,459 LBS L-53 $7.70 $627,234 25% $784,042.88
Floating Mooring Bitts 16 EA L-54 $349,000.00 $5,584,000 25% $6,980,000.00
Check Posts 20 EA L-55 $5,800.00 $116,000 25% $145,000.00
Line Hooks and Guards 100 EA L-56 $4,900.00 $490,000 25% $612,500.00
Ladders 18 EA L-57 $11,460.00 $206,280 25% $257,850.00

506313 LOCK STRUCTURE, SPECIAL CONSTRUCTION

Land Chamber Emptying System - Concrete Removal * 1,957 CY MS-15A $720.00 $1,409,040 25% $1,761,300.00
Land Chamber Emptying System Modfication - Sluice 
Gate *

1 JOB MS-15C $240,000.00 $240,000 25% $300,000.00

Land Chamber Emptying System Modfication - 
Structural Steel *

144,485 LBS MS-15D $4.50 $650,183 25% $812,728.13

Land Chamber Emptying System Modfication - 
Concrete Anchors *

337 EA MS-15E $412.00 $138,844 25% $173,555.00

Land Chamber Emptying System Modfication - Rock 
Anchors *

10 EA MS-15F $15,300.00 $153,000 25% $191,250.00

Lowrie's Run - Shotcrete * 83 CY LR-4 $405.00 $33,615 25% $42,018.75
Lowrie's Run - Reinforcing Steel * 2,755 SF LR-5 $18.00 $49,590 25% $61,987.50
Lowrie's Run - Remove Plug Concrete * 17 CY LR-6 $1,900.00 $32,300 25% $40,375.00

050064 CULVERT VALVES & OPERATING MACHINERY

Culvert Bulkheads (Structural Steel) 58,783 LBS L-58 $12.00 $705,396 25% $881,745.00
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Filling Culvert Valves and Bulkhead Assemblies 487,300 LBS MS-5 $13.70 $6,676,010 35% $9,012,613.50 Designed is based on Charleroi L/D system 
which is not proven

Emptying Culvert Valves & Bulkheads 138,725 LBS MS-6 $13.50 $1,872,788 35% $2,528,263.13 Designed is based on Charleroi L/D system 
which is not proven

Emptying Basin * 1 EA MS-7a $3,889,000.00 $3,889,000 35% $5,250,150.00 Estimate is based on current design for 
Charleroi L/D.  There is currently some 
concern about the constructibility as 
designed

Filling Valve Operating Machinery * 8 EA MS-10 $115,000.00 $920,000 35% $1,242,000.00 Designed is based on Charleroi L/D system 
which is not proven

Emptying Valve Operating Machinery * 2 JOB MS-11 $129,000.00 $258,000 35% $348,300.00 Designed is based on Charleroi L/D system 
which is not proven

050065 PIPING SYSTEM
Compressed Air System * 1 CHM

B
MS-12 $631,000.00 $631,000 25% $788,750.00

050066 POWER & LIGHTING SYSTEMS
Lock Electrical System, River Chamber * 1 JOB MS-14a $4,427,000.00 $4,387,000 25% $5,483,750 

050099 ASSOCIATED GENERAL ITEMS
Guard Fence 8,500 LF L-59 $70.00 $595,000 25% $743,750.00

05.-.-.- LOCKS $351,621,926 $451,973,082 

30.-.-.- PLANNING, ENGINEERING AND DESIGN 1 JOB 6.00% $21,312,000 35% $28,771,200 Current design based on conservative 
assumptions.  Hydraulic modeling and 
subsurface exploration may result in 
additional PED effort

31.-.-.- CONSTRUCTION MANAGEMENT 1 JOB 6.00% $21,312,000 25% $26,640,000 

TOTAL COSTS $511,922,152 
CONTINGENCIES

TOTAL COSTS, ROUNDED $512,000,000 

CONTINGENCIES:

The contingencies  used provide an allowance against some adverse or unanticipated condition not susceptible to exact evaluation from data 
at hand but which must be expressed or represented in the cost estimate.  Contingencies for non-construction accounts were determined by 
the appropriate functional managers.  Individual contingencies for each construction line item were determined by Technical Design Section.
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04.-.-.- DAMS

040001 MOBILIZATION, DEMOBILIZATION & PREP WORK

Mobilization & Preparatory Work (1%) 1 JOB 1.0% $35,000.00 30% $45,500.00 Changes in location of laydown area/batch 
plant and construction methods could affect 
mobilization

040152 Dam Structure
Concrete Demolition of Fixed Crest Dam Weir 1,802 CY R-20 $150.00 $270,300.00 25% $337,875.00
Concrete Demolition of Pier #1 1,794 CY R-21 $150.00 $269,100.00 25% $336,375.00
Concrete Demolition of Gate Sill #1 1,541 CY R-22 $150.00 $231,150.00 25% $288,937.50
Concrete Demolition of Dam Spillway Apron 837 CY R-23 $150.00 $125,550.00 25% $156,937.50
Demolition of Service Bridge - Fixed Crest Weir 8 TONS R-25 $2,550.00 $20,400.00 25% $25,500.00

Demolition of Service Bridge - Pier #1 - Steel 62 TONS R-26 $2,550.00 $158,100.00 25% $197,625.00

Demolition of Service Bridge - Pier #1 - Concrete 17 CY R-27 $150.00 $2,550.00 25% $3,187.50
Demolition of Vertical Lift Steel Dam Gate #1 100 TONS R-28 $750.00 $75,000.00 25% $93,750.00

Removal of Timber Pilings 2,592 LF R-29 $8.00 $20,736.00 25% $25,920.00
Steel Bearing Pile Demolition - Pier #1 1,200 LF R-30 $4.25 $5,100.00 25% $6,375.00
Removal of Sheet Piling, Unknown Size 2,500 LF R-32 $5.25 $13,125.00 25% $16,406.25
Concrete For Dam Pier Filler Wall 2,255 CY D-7 $440.00 $992,200.00 30% $1,289,860.00 Details of tie-in not well defined
Reinforcing Steel for Dam Pier Filler Wall 78,908 LBS D-8 $3.40 $268,287.20 30% $348,773.36 Details of tie-in not well defined
Fill for Apron Removal 3,550 CY D-8a $49.00 $173,950.00 25% $217,437.50
New Dam Gate Sect - Soil Excav (inside Cofferdam)' 13,908 CY D-15 $66.00 $917,928.00 25% $1,147,410.00

SUMMARY COA 04 $3,578,476.20 $4,537,869.61

05.-.-.- LOCKS

050001 MOBILIZATION, DEMOBILIZATION & PREP WORK

Mobilization & Preparatory Work (1%) 1 JOB 1.0% $4,283,000.00 30% $5,567,900.00 Changes in location of laydown area/batch 
plant and construction methods could affect 
mobilization

Concrete Batch Plant * 1 JOB O-1 $16,360,000.00 $16,360,000 45% $23,722,000.00 This item includes laydown area sitework.  
Estimate is based on Primary site.  High risk 
identified for change to Secondary or 
alternate site and unknown work due to 
Phase II environmental study
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Concrete Conveyor System * 1,500 LF O-2 $1,600.00 $2,400,000 40% $3,360,000.00 Estimate is based on Primary site.  High risk 
identified for change to Secondary or 
alternate site

Concrete Demolition River Wall Including Guard Walls 21,050 CY R-1 $310.00 $6,525,500 25% $8,156,875.00
Demolition of Upper Guard Wall Extension Cells 1-3, 
Concrete

735 CY R-3 $320.00 $235,200 25% $294,000.00

Demolition of Upper Guard Wall Extension Cells 1-3, 2,390 CY R-4 $61.20 $146,268 25% $182,835.00
Demolition of Upper Guard Wall Extension Cells 1-
3,Sheet Piling

7,890 LF R-5 $5.25 $41,423 25% $51,778.13

Demolition of Lower Guard Wall Extension Cells 1-7, 
Concrete

7,347 CY R-6 $320.00 $2,351,040 25% $2,938,800.00

Demolition of Lower Guard Wall Extension Cells 1-7, 2,085 CY R-7 $61.20 $127,602 25% $159,502.50
Demolition of Lower Guard Wall Extension Cells 1-7, 
Sheet Piling

43,024 LF R-8 $5.25 $225,876 25% $282,345.00

Removal of Lock Gates - 56 FT Chamber Upper and 
Lower *

300,000 LBS R-9 $0.07 $19,500 25% $24,375.00

Demolition of Miter Gate Sills - 56 FT Chamber 400 CY R-11 $160.00 $64,000 25% $80,000.00
Demolition of Emergency Dam Sill - 56 FT Chamber 118 CY R-15 $160.00 $18,880 25% $23,600.00
Demolition of Poiree Dam Sill - 56 FT Chamber 184 CY R-16 $160.00 $29,440 25% $36,800.00
Removal of Outer Lock Culvert Concrete 1,300 CY R-17 $160.00 $208,000 25% $260,000.00
Demolition of Original Dam Concrete at Cofferdam 570 CY R-18 $160.00 $91,200 25% $114,000.00
Removal of Original Dam Timber at Cofferdam 60 EA R-19 $68.00 $4,080 25% $5,100.00
Demolition of River Wall Building (18'W x 59'-2" x 28'H) 
*

1,105 CY R-33 $80.00 $88,400.00 25% $110,500.00

050003 CARE & DIVERSION OF WATER
Cofferdam Closure - Sheet Pile - PS31 - Grade 50 91,040 LF L-122 $87.25 $7,943,240 30% $10,326,212.00 Conceptual design based on assumed site 

conditions
Cofferdam Closure - Sheet Pile - PZ40 - Grade 50 18,772 SF L-122A $64.25 $1,206,101 30% $1,567,931.30 Conceptual design based on assumed site 

conditions
Cofferdam Closure - Sheet Pile - Structural Steel A36 152,880 LBS L-122B $6.93 $1,058,694 30% $1,376,302.20 Conceptual design based on assumed site 

conditions
Cofferdam Closure - Sheet Pile PZ40 - Tie Rods A722 
Grade 

7,844 LBS L-122C $6.93 $54,320 30% $70,615.61 Conceptual design based on assumed site 
conditions

Cofferdam Closure - Drilling and Grouting Tie rods into 
pier

30 EA L-122D $80.00 $2,400 30% $3,120.00 Conceptual design based on assumed site 
conditions

Cofferdam Closure - Jet Grout 3,300 CY L-122E $630.00 $2,079,000 40% $2,910,600.00 Conceptual design based on assumed 
foundation conditions

Cofferdam Closure - Jet Grout - Drilling Through 
Concrete

215 LF L-122E1 $270.00 $58,050 40% $81,270.00 Conceptual design based on assumed 
foundation conditions

Cofferdam Closure - Granular Fill Material 96,004 CY L-123 $53.00 $5,088,212 25% $6,360,265.00

New 1200 &Maintain Existing 600
Attachment A 46 of 52



PROJECT: UPPER OHIO NAVIGATION STUDY, PENNSYLVANIA
Emsworth Locks and Dams, 
Lock Modernization Option 6 - New 110' x  1,200' River Chamber  and Advance Maintenance Existing 110' x 600' Land Chamber
Lock Modernization Option 9 - New 110' x  1,200' River Chamber  and Reactive Maintenance Existing 110' x 600' Land Chamber
(Oct 2009 Cost Level)
 
SCREENING LEVEL ESTIMATE
This estimate only includes costs for the New 110' x 1200' chamber

(Oct 2009 Cost Level)
Adjusted Prices (See Notes)

Account 
Number Description

Estimated 
Quantity Unit

2009 Unit Price 
Item

EDM Unit Prices 
Cotober 2009 

Cost Level Amount Contingencies
FY10 Total with 
Contingencies Remarks on Contingency

Cofferdam Closure - Excavation - Within Sheets - Wet 13,908 CY L-124 $79.00 $1,098,732 25% $1,373,415.00 Although draft Risk Register identified 
possible cost savings due to Government-
furnished site, cost of devloping site are 
unknown

Cofferdam Closure - Dewatering, River Chamber * 28 MGAL O-4 $20,200.00 $565,600 25% $707,000.00

Lowrie's Run - Sheet Piling * 2,240 LF LR-1 $87.25 $195,440 25% $244,300.00
Lowrie's Run - Tremie Concrete * 41 CY LR-2 $300.00 $12,300 25% $15,375.00
Lowrie's Run - Steel Walers & Struts * 25,537 LBS LR-3 $6.93 $176,844 25% $221,054.66

050009 BUILDING, PROJECT OPERATIONS
Control Shelters * 2 EA B-1 $79,000.00 $158,000 25% $197,500.00
Middle Wall Control Tower * 1 JOB B-2 $1,700,000.00 $1,700,000 25% $2,125,000.00

050010 EARTHWORK FOR STRUCTURES
Soil Excavation, Wet 72,825 CY L-110 $66.00 $4,806,450 25% $6,008,062.50 Although draft Risk Register identified 

possible cost savings due to Government-
furnished site, cost of devloping site are 
unknown

Rock Excavation, Wet 5,833 CY L-110A $286.00 $1,668,238 25% $2,085,297.50 Although draft Risk Register identified 
possible cost savings due to Government-
furnished site, cost of devloping site are 
unknown

Excavation - Soil Within Chamber - Dry 67,124 CY L-125 $66.00 $4,430,184 25% $5,537,730.00 Although draft Risk Register identified 
possible cost savings due to Government-
furnished site, cost of devloping site are 
unknown

Excavation - Rock Within Chamber - Dry 112,064 CY L-126 $96.00 $10,758,144 25% $13,447,680.00 Although draft Risk Register identified 
possible cost savings due to Government-
furnished site, cost of devloping site are 
unknown

Approach Walls - Soil Excavation Wet 28,116 CY AW-201 $66.00 $1,855,656 25% $2,319,570.00 Although draft Risk Register identified 
possible cost savings due to Government-
furnished site, cost of devloping site are 
unknown

Upper Bulkhead and Miter Gate Rock Excavation 21,650 CY L-135 $96.00 $2,078,400 25% $2,598,000.00 Although draft Risk Register identified 
possible cost savings due to Government-
furnished site, cost of devloping site are 
unknown

Upper Bulkhead and Miter Gate Soil Excavation 8,000 CY L-136 $66.00 $528,000 25% $660,000.00 Although draft Risk Register identified 
possible cost savings due to Government-
furnished site, cost of devloping site are 
unknown

New 1200 &Maintain Existing 600
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Lock Modernization Option 6 - New 110' x  1,200' River Chamber  and Advance Maintenance Existing 110' x 600' Land Chamber
Lock Modernization Option 9 - New 110' x  1,200' River Chamber  and Reactive Maintenance Existing 110' x 600' Land Chamber
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This estimate only includes costs for the New 110' x 1200' chamber
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Adjusted Prices (See Notes)
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Quantity Unit
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Item

EDM Unit Prices 
Cotober 2009 

Cost Level Amount Contingencies
FY10 Total with 
Contingencies Remarks on Contingency

Emptying Basin, Underwater Alluvium Excavation 6,187 CY MS-7b $59.00 $365,033 25% $456,291.25 Although draft Risk Register identified 
possible cost savings due to Government-
furnished site, cost of devloping site are 
unknown

Emptying Basin, Underwater Rock Excavation 4,749 CY MS-7c $286.00 $1,358,214 25% $1,697,767.50 Although draft Risk Register identified 
possible cost savings due to Government-
furnished site, cost of devloping site are 
unknown

Dredging Lowries Run * 12,000 CY MS-15B $82.00 $984,000 25% $1,230,000.00 Although draft Risk Register identified 
possible cost savings due to Government-
furnished site, cost of devloping site are 
unknown

05011 FOUNDATION PREPARATION
Drilled Shafts, Permanent Casing 4.5' Dia. Casing 458 LF L-111a $1,800.00 $824,400 30% $1,071,720.00 Design is based on assume subsurface 

conditions.  Exploratory work may result in 
deeper foundations

Drilled Shafts, Permanent Casing 6.5' Dia. Casing 4,360 LF L-111c $2,500.00 $10,900,000 30% $14,170,000.00 Design is based on assume subsurface 
conditions.  Exploratory work may result in 
deeper foundations

Drilled Shafts, Rock Excavation, 4.0' Dia. 514 CY L-112a $1,486.00 $763,804 30% $992,945.20 Design is based on assume subsurface 
conditions.  Exploratory work may result in 
deeper foundations

Drilled Shafts, Rock Excavation, 6.0' Dia. 17,881 CY L-112c $1,326.00 $23,710,206 30% $30,823,267.80 Design is based on assume subsurface 
conditions.  Exploratory work may result in 
deeper foundations

Drilled Shafts, Concrete, 5,000 psi 22,272 CY L-114 $378.00 $8,418,816 30% $10,944,460.80 Design is based on assume subsurface 
conditions.  Exploratory work may result in 
deeper foundations

Drilled Shafts, Reinforcing Steel 9,747,048 LBS L-115 $2.50 $24,367,620 30% $31,677,906.00 Design is based on assume subsurface 
conditions.  Exploratory work may result in 
deeper foundations

050012 SEEPAGE CONTROL

050029 APPROACH CHANNELS

050057 LOCK GATES & OPERATING MACHINERY, UPPER 
& LOWER
New 110' Lock Gates Upper and Lower - River 
Chamber

1 JOB MS-2 $5,190,000.00 $5,190,000 25% $6,487,500.00

Miter Gate Operating Machinery * 4 EA MS-9 $282,000.00 $1,128,000 25% $1,410,000.00
New Lock Dewatering Bulkheads 656,896 LBS MS-4 $9.10 $5,977,754 25% $7,472,192.00
Maintenance Bulkhead Lifting Beam 23,561 LBS MS-8 $9.50 $223,830 25% $279,786.88

New 1200 &Maintain Existing 600
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050061 GUARD & GUIDE WALLS, UPPER & LOWER
Post Tensioned Concrete Box Beams - 10 x 8 x 110 22 E AW-202A $594,000.00 $13,068,000 25% $16,335,000.00
U/S Guard Wall Pre-Stressed Concrete Skirts - 
Concrete

308 CY AW-203a $9,000.00 $2,772,000 25% $3,465,000.00

Support Cells - Sheet Pile, PS31, 49.1' Dia. 30,616 LF AW-204 $82.00 $2,510,512 25% $3,138,140.00
Support Cells - Excavation - Within Sheets - Wet 10,104 CY AW-205 $79.00 $798,216 25% $997,770.00
Support Cells - Tremie Concrete 16,200 CY AW-206 $300.00 $4,860,000 25% $6,075,000.00
Support Cells - Cast-In Place Concrete - 4,000 psi 5,994 CY AW-207 $440.00 $2,637,360 25% $3,296,700.00
Support Cells - Reinforcing Steel 103,738 LBS AW-208 $3.40 $352,709 25% $440,886.50
D/S Guardwall - Floating Pontoon, Concrete 6,492 CY AW-209 $3,290.00 $21,358,680 50% $32,038,020.00 Estimate is based on AE-developed cost for 

Charleroi L/D.  No graving site is identified
D/S Guardwall - Drilled Shafts - 4' Dia Landing 
Supports

896 LF AW-211a $1,500.00 $1,344,000 25% $1,680,000.00

D/S Guardwall - Drilled Shafts - 7' Dia Pylons 325 LF AW-211b $2,900.00 $942,500 25% $1,178,125.00
D/S Guardwall - Drilled Shafts - Alluvium Excavation, 4' 144 CY AW-212a $436.00 $62,784 25% $78,480.00 Although draft Risk Register identified 

possible cost savings due to Government-
furnished site, cost of devloping site are 
unknown

D/S Guardwall - Drilled Shafts - Alluvium Excavation, 7' 82 CY AW-212b $646.00 $52,972 25% $66,215.00 Although draft Risk Register identified 
possible cost savings due to Government-
furnished site, cost of devloping site are 
unknown

D/S Guardwall - Drilled Shafts - Rock Excavation, 4' 120 CY AW-213a $736.00 $88,320 25% $110,400.00 Although draft Risk Register identified 
possible cost savings due to Government-
furnished site, cost of devloping site are 
unknown

D/S Guardwall - Drilled Shafts - Rock Excavation, 7' 204 CY AW-213b $1,386.00 $282,744 25% $353,430.00 Although draft Risk Register identified 
possible cost savings due to Government-
furnished site, cost of devloping site are 
unknown

D/S Guardwall - Drilled Shafts - Tremie Concrete 675 CY AW-214 $378.00 $255,150 25% $318,937.50
D/S Guardwall - Drilled Shafts - Structural Concrete 40 CY AW-215 $378.00 $15,120 25% $18,900.00
D/S Guardwall - Drilled Shafts - Reinforcing Steel 143,000 LBS AW-216 $2.50 $357,500 25% $446,875.00
D/S Guardwall - Pylon Superstructure - Steel 817,500 LBS AW-217 $7.20 $5,886,000 25% $7,357,500.00
D/S Guardwall - Pylon Superstructure -Tremie 
Concrete Fill

1,142 CY AW-218 $378.00 $431,676 25% $539,595.00

D/S Guardwall - Pylon Superstructure -Cast-in-Place 
Concrete

961 CY AW-219 $440.00 $422,840 25% $528,550.00

D/S Guardwall - Pylon Superstructure -Reinforcing 
Steel

6,012 LBS AW-220 $3.40 $20,441 25% $25,551.00

D/S Guard Wall - Guide Keys 162,240 LBS AW-221 $7.20 $1,168,128 25% $1,460,160.00
D/S Guardwall - Pylon Superstructure - Misc. Steel 150,487 LBS AW-222 $7.20 $1,083,506 25% $1,354,383.00

New 1200 &Maintain Existing 600
Attachment A 49 of 52
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Lock Modernization Option 6 - New 110' x  1,200' River Chamber  and Advance Maintenance Existing 110' x 600' Land Chamber
Lock Modernization Option 9 - New 110' x  1,200' River Chamber  and Reactive Maintenance Existing 110' x 600' Land Chamber
(Oct 2009 Cost Level)
 
SCREENING LEVEL ESTIMATE
This estimate only includes costs for the New 110' x 1200' chamber

(Oct 2009 Cost Level)
Adjusted Prices (See Notes)

Account 
Number Description

Estimated 
Quantity Unit

2009 Unit Price 
Item

EDM Unit Prices 
Cotober 2009 

Cost Level Amount Contingencies
FY10 Total with 
Contingencies Remarks on Contingency

D/S Guardwall - Pylon Superstructure - Gravel Ballast 195 TONS AW-223 $31.00 $6,045 25% $7,556.25

D/S Guardwall - Pylon Superstructure - Armor Bands 258,750 LBS AW-224 $5.80 $1,500,750 25% $1,875,937.50

050063 LOCK STRUCTURE
Cofferbox - Steel (Incl Sheet Pile, King Pile & Bracing 297,460 SFCA L-116 $250.00 $74,365,000 25% $92,956,250.00
Cofferbox - Concrete Tremie Seal - 4,000 psi 44,624 CY L-118 $300.00 $13,387,200 25% $16,734,000.00
Cast-in-Place Concrete 142,164 CY L-120 $270.00 $38,384,280 25% $47,980,350.00
Cast-in-Place Concrete Reinfrocing 3,939,960 LBS L-121 $3.40 $13,395,864 25% $16,744,830.00
Culverts - Concrete - 5,000 psi 15,198 CY L-127 $620.00 $9,422,760 25% $11,778,450.00
Culverts - Concrete - Reinforcing Steel 2,826,769 LBS L-128 $3.40 $9,611,015 25% $12,013,768.25
Upper Bulkhead Sill Concrete 6,939 CY L-129 $210.00 $1,457,190 25% $1,821,487.50
Lock Floor/Slab Walls - Concrete 790 CY L-130 $320.00 $252,800 25% $316,000.00
Lock Floor/Slab Walls - Reinforcing Steel 63,200 LBS L-131 $3.40 $214,880 25% $268,600.00
Upper Miter Gate Intake Sill - Concrete 7,952 CY L-132 $210.00 $1,669,920 25% $2,087,400.00
Upper Miter Gate Intake Sill - Reinforcing Steel 1,033,760 LBS L-133 $3.40 $3,514,784 25% $4,393,480.00
Lower Miter Gate Sill - Concrete 6,007 CY L-137 $210.00 $1,261,470 25% $1,576,837.50
Lock Floor Paving - Concrete 3,199 CY L-138 $320.00 $1,023,680 25% $1,279,600.00
Lock Floor Paving - Reinforcing 247,680 LBS L-139 $3.40 $842,112 25% $1,052,640.00
Lock Floor Paving - Granular Backfill 18,060 CY L-140 $49.00 $884,940 25% $1,106,175.00
Wall Armor 361,159 LBS L-101 $5.80 $2,094,722 25% $2,618,402.75
Corner Protection 275,923 LBS L-102 $6.00 $1,655,538 25% $2,069,422.50
Monolith Joint Protection 108,486 LBS L-2A $4.50 $488,187 25% $610,233.75
Miter Gate Anchorages 81,459 LBS L-103 $7.70 $627,234 25% $784,042.88
Floating Mooring Bitts 20 EA L-104 $349,000.00 $6,980,000 25% $8,725,000.00
Check Posts 24 EA L-105 $5,800.00 $139,200 25% $174,000.00
Line Hooks and Guards 120 EA L-106 $4,900.00 $588,000 25% $735,000.00
Ladders 22 EA L-107 $11,460.00 $252,120 25% $315,150.00

506313 LOCK STRUCTURE, SPECIAL CONSTRUCTION

Land Chamber Emptying System - Concrete Removal * 1,957 CY MS-15A $720.00 $1,409,040 25% $1,761,300.00
Land Chamber Emptying System Modfication - Sluice 
Gate *

1 JOB MS-15C $240,000.00 $240,000 25% $300,000.00

Land Chamber Emptying System Modfication - 
Structural Steel *

144,485 LBS MS-15D $4.50 $650,183 25% $812,728.13

Land Chamber Emptying System Modfication - 
Concrete Anchors *

337 EA MS-15E $412.00 $138,844 25% $173,555.00

Land Chamber Emptying System Modfication - Rock 
Anchors *

10 EA MS-15F $15,300.00 $153,000 25% $191,250.00

Lowrie's Run - Shotcrete * 83 CY LR-4 $405.00 $33,615 25% $42,018.75
Lowrie's Run - Reinforcing Steel * 2,755 SF LR-5 $18.00 $49,590 25% $61,987.50
Lowrie's Run - Remove Plug Concrete * 17 CY LR-6 $1,900.00 $32,300 25% $40,375.00

New 1200 &Maintain Existing 600
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050064 CULVERT VALVES & OPERATING MACHINERY

Culvert Bulkheads (Structural Steel) 58,783 LBS L-108 $12.00 $705,396 25% $881,745.00
Filling Culvert Valves and Bulkhead Assemblies 487,300 LBS MS-5 $13.70 $6,676,010 35% $9,012,613.50 Designed is based on Charleroi L/D system 

which is not proven
Emptying Culvert Valves & Bulkheads 138,725 LBS MS-6 $13.50 $1,872,788 35% $2,528,263.13 Designed is based on Charleroi L/D system 

which is not proven
Emptying Basin * 1 EA MS-7a $3,889,000.00 $3,889,000 35% $5,250,150.00 Estimate is based on current design for 

Charleroi L/D.  There is currently some 
concern about the constructibility as 
designed

Filling Valve Operating Machinery * 8 EA MS-10 $115,000.00 $920,000 35% $1,242,000.00 Designed is based on Charleroi L/D system 
which is not proven

Emptying Valve Operating Machinery * 2 JOB MS-11 $129,000.00 $258,000 35% $348,300.00 Designed is based on Charleroi L/D system 
which is not proven

050065 PIPING SYSTEM
Compressed Air System * 1 CHM

B
MS-12 $631,000.00 $631,000 25% $788,750.00

050066 POWER & LIGHTING SYSTEMS
Lock Electrical System, River Chamber * 1 JOB MS-14a $4,427,000.00 $4,387,000 25% $5,483,750 

050099 ASSOCIATED GENERAL ITEMS
Guard Fence 11,400 LF L-109 $70.00 $798,000 25% $997,500.00

05.-.-.- LOCKS $432,587,704 $555,565,067 

30.-.-.- PLANNING, ENGINEERING AND DESIGN 1 JOB 6.00% $26,170,000 35% $35,329,500 Current design based on conservative 
assumptions.  Hydraulic modeling and 
subsurface exploration may result in 
additional PED effort

31.-.-.- CONSTRUCTION MANAGEMENT 1 JOB 6.00% $26,170,000 25% $32,712,500 

TOTAL COSTS $628,144,936 
CONTINGENCIES

TOTAL COSTS, ROUNDED $628,000,000 

CONTINGENCIES:

New 1200 &Maintain Existing 600
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Print Date Wed 27 August 2014 U.S. Army Corps of Engineers Time 13:32:17
Eff. Date 7/23/2014 Project Ems600: Emsworth Main Chamber (600 FT) July 2014

Upper Ohio Navigation System, Emsworth Main Chamber - 600 FT Title Page

Labor ID: EQ ID: EP11R01 Currency in US dollars TRACES MII Version 4.2

This report is not copyrighted, but the information contained herein is For Official Use Only.

Estimated Construction Time 2,190 Days
Effective Date of Pricing 7/23/2014

Preparation Date 7/23/2014

Prepared by Thomas Andre

Estimated by Thomas E. Andre, PE
Designed by Pittsburgh District

Emsworth Main Chamber (600 FT) July 2014
The Upper Ohio Navigation Study is a study for the replacement of locks at Emsworth, Dashields, and Montgomery Locks and Dams.  This estimate is for construction of one new 110' x 600'  
Main Chamber at Emsworth Locks and Dam at the present location of the 56' x 360' auxiliary lock chamber and appurtenant modifications to the existing dam to accommodate the new lock.

This estimate outline is based on Project Template Civil v4.  In general, line Items that have been added by the estimator are indicated by capital letters (i.e. 050001 A)



Print Date Wed 27 August 2014 U.S. Army Corps of Engineers Time 13:32:17
Eff. Date 7/23/2014 Project Ems600: Emsworth Main Chamber (600 FT) July 2014

Upper Ohio Navigation System, Emsworth Main Chamber - 600 FT Library Properties  Page  xi

Designed by Design Document
Pittsburgh District Document Date 7/23/2014

Estimated by District Pittsburgh District
Thomas E. Andre, PE Contact Thomas Andre

Prepared by Budget Year 2014
Thomas Andre UOM System Original

Direct Costs Timeline/Currency
LaborCost Preparation Date 7/23/2014
EQCost Escalation Date 7/23/2014
MatlCost Eff. Pricing Date 7/23/2014
SubBidCost Estimated Duration 2190 Day(s)
Supplies

Currency US dollars
Exchange Rate 1.000000

Costbook CB12EB-b: MII English Cost Book 2012-b

Labor : Upper Ohio Navigation System Labor
Workers rates from PA 140004, Mod 13 6/27/2014. B Building Workers from PA 140001 Mod 9 7/4/2014 F Field Office Workers from MII English Cost Book 2012, updated to July 201

Labor Rates
LaborCost1
LaborCost2
LaborCost3
LaborCost4

Equipment EP11R01: MII Equipment 2011 Region 01
2014.  Fuel prices are estimated from U.S. Department of Energy, Energy Information Administration rates for 07/14/2014.  Electricity rate from Table 5.6.B.  Average Retail Price of 

01 NORTHEAST Fuel Shipping Rates
Sales Tax 7.00 Electricity 0.101 Over 0 CWT 18.08

Working Hours per Year 1,360 Gas 4.448 Over 240 CWT 16.61
Labor Adjustment Factor 1.12 Diesel Off-Road 4.474 Over 300 CWT 14.46

Cost of Money 2.00 Diesel On-Road 4.861 Over 400 CWT 12.44
Cost of Money Discount 25.00 Over 500 CWT 6.96

Tire Recap Cost Factor 1.50 Over 700 CWT 6.96
Tire Recap Wear Factor 1.80 Over 800 CWT 10.55

Tire Repair Factor 0.15
Equipment Cost Factor 1.00

Standby Depreciation Factor 0.50

Labor ID: EQ ID: EP11R01 Currency in US dollars TRACES MII Version 4.2
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Upper Ohio Navigation System, Emsworth Main Chamber - 600 FT Project Notes  Page  xii

Date Author Note

5/30/2014 Thomas E Andre The following markups are used in this estimate:  Direct Cost:  Sales Tax - 7% for Allegheny County, PA, Overtime  - 2 12-HR shifts for work during the required  
Land Chamber shutdown, Overtime - 2 10-HR shifts based on working double shifts for the drilled shaft construction based on normal 4 10-HR shifts per  
week,Contractor:  JOOH - Calculated, HOOH - based on typical HOOH for similar contractors from audits, Profit - based on weighted guidelines, Bonds - based  
on Bond Table, Subcontractor JOOH, HOOH, and profit assumed for similar type contractor from other estimates, Owner:  Escalations - based on CCWIS index  
update 31 March 2014 as described in General Note

5/30/2014 Thomas E Andre Disposal of excavated material and debris is assumed to be a properly permitted, commercially available disposal facility.  Transportation from the construction  
site to the offloading is assumed to be by barge, with each trip consisting of 4 barges.  Due to the varying quantities associated with the various items involving  
disposal of materials, the estimate assumes that trips will be made whenever there are 4 barges filled.  The actual cost for this transportation has been prorated to  
the individual items on the basis of the portion of each trip associated with the quantity for that particular item.

5/30/2014 Thomas E Andre BASIS OF ESTIMATE - This estimate is based on the work being performed ina ccordance with the requirements of the specifications by an experienced  
contractor with Contractor-owned equipment.  Included in this estimate are the direct cost of plant, labor, materials, and supplies; mobilization and demobilization  
of equipment, supervision, and other appropriate costs. When subcontract work is estimated, an allowance for subcontractor overhead and profit is made.The  
following work is assumed to be subcontracted:ElectricalFloating PlantDivingSite Work for batch plant and laydown areaBatch Plant OperationIt is assumed that  
the precast concrete items will be fabricated in an established plant.

5/30/2014 Thomas E Andre PLANT RATES - Rates used in this estimate for plant are based on latest available data on teh cost of owning and maintaining construction equipment.  The rates  
used are exclusive of operator and are in accordance with EP 1110-1-8, Volume 1, 30 November 2011.  Contractor furnished equipment rates include both  
ownership and operating costs comprised of allowances for depreciation, cost of facilities capital, fuel, filters, oil, grease, servicing, repairs and maintenance, tire  
wear, and tire repair.  Estimated costs for fuel and lubrication are based ondata published by equipment manufacturers, horsepower ratings, and consumption tables  
for specific equipment.  Rates are based on equpment operating 22 8-hour shifts per month.  Any variance form this method of equipment ownership is specifically  
noted in the estimate.  Rates used are for average working condition defined in Appendix C of the referenced EP.Fuel prices are estimated from U.S. Department  
of Energy, Energy Information Administration rates for 07/14/2014.  Electricity rates are estimated from DOE/EIA-0226, Table 5.6 B.  Electric Power Monthly  
with Data for June 2014 (April 2014 rates)  Table 5.6.B Average Retail of Electricity to Ultimate Customers by End-Use Sector by State, Year-to-Date through  
April 2014 and 2013 (Cents per Kilowatthour).

5/30/2014 Thomas E Andre LABOR RATES - Wage rates used in the estimate are based on hourly rates determined to be applicable in the work area during the actual time period when the  
work will be done.  Labor rates are from U.S. Department of Labor Wage Determination PA140004, Mod 14, 06/27/2014 (heavy and highway) and PA 140001,  
Mod 9, 7/4/2014 (Building).  The costs of State and Federal unemployment compensation, fringe benefits, liability insurance, social security, and worker's  
compensation have been in clude the shift rates for individual workers.  Except when otherwise shown, rates are for work eight hours per day, five days per week.   
A longshoreman and Harbor Workers insurance rate of 165% has been used for all contractors involved in water-based work, including construction of the Control  
Tower and Control Shelters.

5/30/2014 Thomas E Andre MATERIAL AND SUPPLY PRICES - Prices of materials and supplies used in the estimate are based on quotations from dealers in vicinity of the work or from  
dealers in Pittsburgh with an allowance for delivery to the job site.  Concrete mix costs are from separate estimate UONS, Concrete Mixes Based on 500 Cubic  
Yards per Placement.mlp and are determined based on the cost to produce 100 CY of each mix.  In addition, material prices from the recently advertised Charleroi  
Locks and Dam, River Chamber Completion, Monoliths M-22 to M-27 (July 2014) have been incorporated.  Material prices from MII English Cost Book 2012  
have been updated to July 2014 by ENR Matreial Cost Index: 2985.38/2865.71 = 1.042.Miscellaneous steel have not been updated since the previous estimate  
because the ENR Steel Material Cost Index actually declined from 49.81 in April 2012 to 49.57 in July 2014.

5/30/2014 Thomas E Andre COMPARABLE PRICE METHOD - Where indicated, items were estimated by using bid prices for comparable work as received in response to earlier invitations,  
as permitted by subparagraph 2-3b of EM 1110-2-1302. However, profit to the prime contractor has been excluded.

5/30/2014 Thomas E Andre PRICE LEVEL - The date of effective price level is 1 October 2014  The estimate does not include escalation to the mid-point of the contract since this will be  
developed in the Total Project Cost Estimate.  This estimate was developed for a PED period of 2 years and a construction period of 6 years, using an October  
2014 cost level.
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Date Author Note

5/30/2014 Thomas E Andre This estimate does not include escalation to the midpoint of the activity period.  Escalation to the Program Year and mid-point of activity will be addressed in the  
Total Project Cost Estimate spreadsheet.

5/30/2014 Thomas E Andre Revised 31 March 2012. Planning, Engineering and Design (except items related to the construction costs Lands and Damages, has been updated from May 2011  
to October 2014  using index values from the May 2012 version of the Total Project Cost Estimate workbook.  Dams, Locks, Construction Management and  
construction cost related items of Planning, Engineering and Design are based on October 2012 costs developed in this estimate.

5/30/2014 Thomas E Andre Swell factors for alluvium, rock and concrete rubble used in this estimate were determined by EC-DG for Charleroi River Chamber Completion as  
follows:Dredge/Alluvium - 20%Rock and Concrete - 30%Density of materials used in this estimate are as follows:Dredge/Alluvium - 120 LB/CF based on moist  
compacted earth at 95 - 135 LB/CFRock - 158 LB/CF based on heaviest and most abundant rock to be encounteredConcrete - 150 LB/CF

5/30/2014 Thomas E Andre For the Total Project Cost Estimate,  Lands and Damages and Planning, Engineering and Desige are assumed to be a period of 2 years, beginning 1 October 2014  
and finishing on 30 September, 2016, with escalation to the midpoint, 30 September 2015.  Locks and Construction Management are assumed to be a period of  
2,190 day contract (6 years) with start of construction on 1 October 2016 and completion 30 September 2022 and midpoiont of 30 September 2019.  Dams is  
assumed to be a period of 2 years, beginning 1 October 2020 to 30 September 20212with a midoint of 30 September 2021.  Fish and Wildlife is assumed to be on a  
period of 10 years beginning 1 October 2022 and ending 30  September 2032 with a mid point of 30 September 2027 Index is from EM 1110-2-1304, Revised 31  
March 2014.

5/30/2014 Thomas E Andre Overtime is used only for work on the Land Chamber emptying system modifications during the Land Chamber shutdown.  Multiple crews are used for drilled  
shaft construction

5/30/2014 Thomas E Andre A productivity of 90% (9 hours out of a typical 10-hour shift) has been used for major items of work at the construction site due to the need to transport personnel  
from the laydown/batch plant area to the work site in the river.  This productivity has been applied to earthwork, foundation work, concrete and reinforcing steel,  
and miscellaneous metals on the lock structure and dam modifications.

5/30/2014 Thoams E Andre Based on information received from Construction Branch during preparation of this estimate, floating plant contractors in the area normally work 4 10-HR shifts  
per week.  For this reason, most river based work is assumed to be 4 10-HR shifts.  Site work and specialty contractors are assumed to work standard 5 8-HR shifts  
per week.

7/17/2014 Thomas E Andre General Requirements (administrative and technical) labor rates which were obtained frm MII English Cost Book 2012 have been updated to July 2014 by ENR  
Construction Wages Cost Index 39.92/37.0 = 1.08

7/17/2014 Thomas E Andre Due to instability in fuel prices, all fuel prices have been escalated by 20%                        July 14, 2014        July 2014+ 20%Gasoline                 3.707                       
4.448Off-Road Diesel       3.728                      4.474On-Road Diesel       4.051                      4.861Marine Gasoline      3.51                        4.21Marine Diesel           
3.51                        4.21

8/6/2014 Thomas E Andre Concrete Mix prices are from Upper Ohio Navigation Study, Concrete Materials (500 CY Average Production) and include costs for materials, production of  
concrete (including batch plant and conveyor preparation and cleanup), and transportation to the end of the fixed conveyor system.  Batch plant and conveyor  
ownership costs at included in Item 050001 B 02 Batch Plant and Delivery System.The Concrete Mix prices do not include sales tax on materials, and labor and  
equipment costs have been adjusted so that, when the Concrete Mix entered in this estimate as material costs with sales tax included they will not be increased by  
the sales tax.
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Description Quantity UOM ProjectCost

Project Cost Summary Report 575,891,340

959,671.80
01 Lands and Damages 1.00 EA 959,672

231,630.10
01 A Real Estate Administrative Costs 1.00 EA 231,630

728,041.70
01 B Purchase of Real Estate Interests 1.00 EA 728,042

5,461,232.06
04 Dams 1.00 EA 5,461,232

5,461,232.06
0401 Main Dam 1.00 EA 5,461,232

1,717,257.62
040110 Earthwork for Structures 1.00 EA 1,717,258

1,717,257.62
04011002 Site Work 1.00 EA 1,717,258

123.47
04011002 03 Excavation, Common 13,908.00 BCY 1,717,258

3,051,332.33
040132 Apron-Stilling Basin-Deflectors 1.00 EA 3,051,332

2,237,762.30
040132 A Site Work 1.00 EA 2,237,762

93,233.83
040132 A 02 Gravel Fill 1.00 EA 93,234

2,144,528.47
040132 A 04 Riprap 1.00 EA 2,144,528

589,650.41
04013203 Concrete 1.00 EA 589,650

648.91
04013203 01 Concrete, in Place: 850.00 CY 551,573

3.68
04013203 02 Reinforcing Steel 10,355.00 LB 38,077

223,919.62
04013203 B Piling for Apron 1.00 EA 223,920
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56.77
04013203 B 01 PZ 40 Piling 1,680.00 SF 95,381

1,647.93
04013203 B 02 HP 12 x 53 piles 78.00 EA 128,539

692,642.11
040151 Concrete Dam, Non Overflow Sect 1.00 EA 692,642

692,642.11
04015103 Concrete 1.00 EA 692,642

662,105.83
04015103 01 Concrete, in Place 1.00 EA 662,106

30,536.28
04015103 02 Reinforcing Steel 1.00 EA 30,536

451,537,219.87
05 Locks 1.00 EA 451,537,220

451,537,219.87
0500 Locks 1.00 EA 451,537,220

48,562,621.23
050001 Mob, Demob & Preparatory Work 1.00 EA 48,562,621

2,606,806.02
050001 A Mobilization and Demobilization 1.00 EA 2,606,806

050001 A 01 Inititial Mobilization of Plant and Equipment 1.00 LS 278,774

2,328,031.82
050001 A 02 Interim Mobilization and Demobilization 1.00 EA 2,328,032

22,555,173.86
050001 B Site Preparation 1.00 EA 22,555,174

050001 B 01 Laydown/Batch Plant Site Preparation 1.00 LS 12,212,230

7,820,709.53
050001 B 02 Batch Plant and Delivery System 1.00 EA 7,820,710

2,522,233.91
050001 B 04 Modification of Land Chamber Emptying System 1.00 EA 2,522,234

17,430,870.94
050001 C Demolition 1.00 EA 17,430,871

050001 C 01 Demolition of Upper Guard Wall Extension Cells 1.00 LS 727,654
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050001 C 02 Demolition of Lower Guard Wall Extension Cells 1.00 LS 1,909,307

1,122.44
050001 C 03 Removal of Landwall Penstock Plug 17.00 CY 19,082

050001 C 04 Remove Lower Miter Gate 1.00 LS -3,331

314.10
050001 C 05 Demolition of Upper and Lower Guard Walls 9,665.00 CY 3,035,748

050001 C 06 Demolition of Cross Culverts For Land Wall Emptying System Modification 1.00 LS 7,357,847

050001 C 07 Remove Upper Miter Gate 1.00 LS 4,078

163.25
050001 C 08 Demoliton of River Wall inside Cofferdam 11,384.00 CY 1,858,384

585.75
050001 C 09 Demolition of Miter Gate, Poiree Dam, and Emergency Dam Sills 702.00 CY 411,199

050001 C 10 Demolition of River Wall Building 1.00 LS 108,434

230.03
050001 C 11 Demolition of Dam Pier No. 1 1,795.00 CY 412,902

374.44
050001 C 12 Demolition of Dam Sill and Apron, Gate Bay No. 1 2,380.00 CY 891,174

050001 C 13 Demolition of Existing Gate and Associated Items, Gate Bay 1 1.00 LS 40,209

240.10
050001 C 14 Demolition of Fixed Weir 1,802.00 CY 432,652

34,911.15
050001 C 15 Remove Existing Footbridge 1.00 EA 34,911

159,421.03
050001 C 16 Remove Existing Service Bridge Span 1.00 EA 159,421

519.98
050001 C 17 Remove Existing Timber Piles, Steel H-Piles and Sheet Piling 60.00 EA 31,199

050001 D Government Field Office and Facilities 1.00 LS 707,493

050001 D 01 Install Utilities 1.00 LS 10,664

050001 D 02 Asphalt Pavement 1.00 LS 31,346

050001 D 03 Security Fence 1.00 LS 26,131

311,304.48
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050001 D 04 Government Field Office 1.00 EA 311,304

328,048.40
050001 D 05 Maintenance and Utilities for Field Office 1.00 EA 328,048

050001 E Exploratory Program 1.00 LS 2,166,014

1,782.94
050001 E 01 Random In-Situ Sampling 100.00 EA 178,294

050001 E 02 Mob and Demob 1.00 LS 426,491

195,936.36
050001 E 03 Floating Plant 5.00 MO 979,682

050001 E 04 Trailer 1.00 LS 7,467

298.22
050001 E 05 Exploratory Drilling, Soil Drilling Without Sampling 200.00 LF 59,643

117.19
050001 E 06 Exploratory Drilling, Soil Drilling With Sampling 625.00 LF 73,247

92.07
050001 E 07 Exploratory Drilling, Rock Drilling With Coring 2,450.00 LF 225,581

9.72
050001 E 08 Exploratory Drilling, Sealing Holes 2,450.00 LF 23,822

050001 E 09 Exploratory Pile Driving 1.00 LS 191,786

050001 F Temporary Operating Facilities for Land Chamber 1.00 LS 1,492,802

78,385.00
050001 F 01 Temporary Enclosure for Land Wall Facilities 1.00 EA 78,385

050001 F 02 Temporary Electrical  Electrical System 1.00 LS 1,123,500

050001 F 03 Temporary Compressed Air System 1.00 LS 117,074

173,843.16
050001 F 04 New Lock Operating Controls 1.00 EA 173,843

050001 G Work Area Restoration 1.00 LS 1,603,461

79,906,162.15
050003 Care and Diversion of Water 1.00 EA 79,906,162

79,561,630.94
05000302 Site Work 1.00 EA 79,561,631
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79,149,789.45
05000302 01 Cofferdam 1.00 EA 79,149,789

411,841.49
05000302 02 Unwatering Cofferdam 1.00 EA 411,841

344,531.21
05000315 Mechanical 1.00 EA 344,531

344,531.21
05000315 01 Unwatering Cofferdam: 1.00 EA 344,531

358,326.36
050006 Bridges, Abutments and Piers 1.00 EA 358,326

358,326.36
050006 A Control Tower - Dam Pier Footbridge 1.00 EA 358,326

050006 A 01 Fabrication and Delivery of Footbridge Span 1.00 LS 316,794

050006 A 02 Installation of Footbridge Span 1.00 LS 41,532

050009 Buildings, Project Operations (Control Tower) 1.00 LS 1,918,484

050009 A Lock Control Tower 1.00 LS 1,918,484

05 0109 01 Primary Facilities 1.00 LS 1,875,812

05 0109 02 Supporting Facilities 1.00 LS 42,672

63,892,056.31
050010 Earthwork for Structures 1.00 EA 63,892,056

05001002 Site Work 1.00 LS 63,892,056

273.16
05001002 03 Excavation, Common 67,240.00 CY 18,367,269

05001002 04 Excavation, Rock 1.00 LS 44,390,925

70.69
05001002 A Granular Fill, Chamber Floor Slabs 16,040.00 CY 1,133,863

050011 Foundation Work 1.00 LS 62,872,624

62,872,624.42
05001102 Site Work 1.00 EA 62,872,624

05001102 A Drilled Shafts for Foundation (Cofferbox Construction) 1.00 LS 54,585,492

05001102 B Drilled Shafts for Foundation (Constructed in Cofferdam) 1.00 LS 8,287,133
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29,710,936.08
050057 Lock Gates & Operate Machine U/L 1.00 EA 29,710,936

28,710,807.51
05005705 Metals 1.00 EA 28,710,808

19,266,732.32
05005705 01 Gates Leaves 1.00 EA 19,266,732

1,098,902.82
05005705 08 Emergency Bulkheads 8.00 EA 8,791,223

7.11
05005705 A Miscellaneous Structural Steel, Miter Gates and Bulkhead Recesses 35,490.00 LB 252,286

11.61
05005705 B Miscellaneous Stainless Steel, Miter Gates and Bulkhead Recesses 34,490.00 LB 400,566

1,000,128.57
05005735 Lock Operating Equipment 1.00 EA 1,000,129

250,032.14
05005735 A Gate Operating Machinery 4.00 EA 1,000,129

050061 Guide-Guard Walls, Upper & Lower 1.00 LS 46,398,384

2,716,778.20
05006102 Piling for Guide and Guard Walls 1.00 EA 2,716,778

05006102 A Upstream Guard Wall 1.00 LS 2,716,778

25,225,220.54
05006103 Concrete 1.00 EA 25,225,221

05006103 01 Concrete, in Place 1.00 LS 24,951,077

274,143.31
05006103 02 Reinforcing Steel 1.00 EA 274,143

12,449,726.05
05006105 Metals 1.00 EA 12,449,726

05006105 A Downstream Guard Wall - Nose Pylon Superstructure, Lower Guard Wall 1.00 LS 5,789,733

05006105 B Downstream Guard Wall - Lock Pylon Superstructure, Lower Guard Wall 1.00 LS 4,542,572

1,027,071.62
05006105 C Downstream Guard Wall - Guide Keys 2.00 EA 2,054,143

05006105 B 02 Transport Steel Shel 1.00 LS 63,277
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05006111 Drilled Shafts 1.00 LS 3,381,802

05006111 A Drilled Shafts for Lock and Nose Pylons 1.00 LS 1,958,670

05006111 B Drilled Shafts for Pontoon Landing Supports 1.00 LS 1,423,133

2,624,856.67
05006131 Earthwork 1.00 EA 2,624,857

868,349.81
05006131 A Upstream Guard Wall 1.00 EA 868,350

1,756,506.85
05006131 B Downstream Guard Wall 1.00 EA 1,756,507

79,452,847.34
050063 Lock Structure 1.00 EA 79,452,847

69,990,660.50
05006303 Concrete 1.00 EA 69,990,660

33.93
05006303 A Land Wall Penstock Shotcrete 13,470.00 SF 457,027

341.52
05006303 B Tremie Concrete, in Place 26,024.00 CY 8,887,790

37,383,680.47
05006303 01 Concrete, in Place 1.00 EA 37,383,680

23,166,682.39
05006303 04 Reinforcing Steel 1.00 EA 23,166,682

95,480.22
05006303 09 Waterstops 1.00 EA 95,480

9,220,213.40
05006305 Metals 1.00 EA 9,220,213

461,784.38
05006305 01 Floating Mooring Bitts and  Anchorages 18.00 EA 8,312,119

6,354.19
05006305 02 Line Hooks and Guards 120.00 EA 762,503

6,066.30
05006305 03 Check Posts 24.00 EA 145,591

241,973.44
05006313 Special Construction 1.00 EA 241,973

Labor ID: EQ ID: EP11R01 Currency in US dollars TRACES MII Version 4.2



Print Date Wed 27 August 2014 U.S. Army Corps of Engineers Time 13:32:17
Eff. Date 7/23/2014 Project Ems600: Emsworth Main Chamber (600 FT) July 2014

Upper Ohio Navigation System, Emsworth Main Chamber - 600 FT Project Cost Summary Report Page 8

Description Quantity UOM ProjectCost

241,973.44
05006313 01 Structure Instrumentation 1.00 EA 241,973

25,781,720.00
050064 Culvert Valves & Operating Mach 1.00 EA 25,781,720

18,141,449.14
05006405 Metals 1.00 EA 18,141,449

05006405 05 Bulkhead and Frame 1.00 LS 1,841,020

05006405 A Filling Valves and Culvert Liners 1.00 LS 9,571,169

05006405 B Emptying Valves and Culvert Liners 1.00 LS 6,553,874

05006405 C Transportation and Unloading 1.00 LS 73,520

05006405 D Liner and Miscellaneous Steel Installation 1.00 LS 101,867

05006415 Mechanical 1.00 LS 877,449

142,244.03
05006415 A Filling Valve Operating Machinery 4.00 EA 568,976

154,236.63
05006415 B Emptying Valve Operating Machinery 2.00 EA 308,473

6,762,821.47
050064 A Emptying Basin 1.00 EA 6,762,821

1,191,968.94
050065 Piping System 1.00 EA 1,191,969

1,191,968.94
05006515 Mechanical 1.00 EA 1,191,969

05006515 02 Compressed Air System 1.00 LS 797,415

394,553.54
05006515 04 Service Water System 1.00 EA 394,554

3,979,091.16
050066 Power and Lighting Systems 1.00 EA 3,979,091

3,979,091.16
05006616 Electrical 1.00 EA 3,979,091

05006616 A Electrical Work 1.00 LS 3,979,091

7,511,998.58
050099 Associated General Items 1.00 EA 7,511,999
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5,585,537.73
05009905 Metals 1.00 EA 5,585,538

05009905 04 Guard and Handrails 1.00 LS 351,524

280,645.25
05009905 05 Stairways and Ladders 1.00 EA 280,645

248.43
05009905 A Wall Armor 11,136.00 LF 2,766,555

160.70
05009905 B Monolith Joint Protection 3,368.00 LF 541,243

271.02
05009905 C Corner Protection 5,814.00 LF 1,575,733

1,454.94
05009905 D Corner Castings 48.00 EA 69,837

119,293.20
050099 A Special Construction 1.00 EA 119,293

59,646.60
050099 A 01 Control Shelters 2.00 EA 119,293

1,807,167.65
05009914 Conveying Systems 1.00 EA 1,807,168

05009914 A Tow Haulage System 1.00 LS 1,807,168

62,671.04
06 Fish and Wildlife Facilities 1.00 EA 62,671

62,671.04
0601 Fish Facilities at Dams 1.00 EA 62,671

0.04
060144 Fishways and Fish Ladders 1.00 EA 0

06 A Terrestrial Mitigation 1.00 LS 58,268

4,403.00
06 B Agency Consultation 1.00 EA 4,403

175,330.35
18 Cultural Resources 1.00 EA 175,330

18 A HAER Documentation 1.00 LS 48,246

18 B Scholarly Publication 1.00 LS 96,163
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18 C Popular Publication 1.00 LS 16,448

18 D HAER Documentation 1.00 LS 14,474

71,995,214.96
30 Planning, Engineering and Design 1.00 EA 71,995,215

44,571,899.12
3020 Project Design Memorandum 1.00 EA 44,571,899

1,953,856.24
302001 Engineering Analysis/Report 1.00 EA 1,953,856

1,574,149.82
30200103 Hydrology and Hydraulic Studies 1.00 EA 1,574,150

379,706.42
30200105 Geotechnical Studies Report 1.00 EA 379,706

120.67
30200105 01 Exploratory Drilling, Soil Drilling Without Sampling 600.00 LF 72,401

278.64
30200105 02 Exploratory Drilling, Rock Drilling With Coring 910.00 LF 253,560

59.06
30200105 03 Exploratory Drilling, Sealing Holes 910.00 LF 53,745

302002 Socio/Economic Analysis/Report 1.00 LS 190,912

3,237,767.04
302004 Environmental Studies Documents 1.00 EA 3,237,767

302006 Cultural Resource Studies Documents 1.00 LS 13,364

39,176,000.00
3020 A General Planning, Engineering and Design Costs 1.00 EA 39,176,000

3,315.84
3026 Programs & Project Managmt Dcmnt 1.00 EA 3,316

27,420,000.00
30A Engineering During Construction 1.00 EA 27,420,000

45,700,000.00
31 Construction Management 1.00 EA 45,700,000

31 B Construction Management Costs 1.00 LS 45,700,000

31 B 1 Contract Administration Costs 1.00 LS 45,700,000
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18 B Scholarly Publication 9
18 C Popular Publication 9
18 C Popular Publication 10
18 D HAER Documentation 10

30 Planning, Engineering and Design 10
3020 Project Design Memorandum 10
302001 Engineering Analysis/Report 10
30200103 Hydrology and Hydraulic Studies 10
30200105 Geotechnical Studies Report 10

302002 Socio/Economic Analysis/Report 10
302004 Environmental Studies Documents 10
302006 Cultural Resource Studies Documents 10
3020 A General Planning, Engineering and Design Costs 10
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Activity ID Activity Name Original
Duration

Start Finish Predecess Successor

Emsworth, DEmsworth, Dashields and Montgomery Feasibility S 25380h 06-Jan-15 05-Mar-27

Feasibility aFeasibility and Preconstruction Planning, Engineering 5704h 06-Jan-15 02-Oct-17

A1000 "Approval"  - Upper Ohio Nav Project 0h 06-Jan-15

A1001 Receipt of Funding  - Ems 0h 02-Oct-17 A1230, A2

A1002 Receipt of Funding  - Dash 0h 02-Oct-17 A1480

A1003 Receipt of Funding  - Mont 0h 02-Oct-17 A1730

Emsworth Emsworth 19676h 02-Oct-17 05-Mar-27

Emsworth PEmsworth Planning, Engineering and Design 5840h 02-Oct-17 01-Oct-19

EmsworthEmsworth HTRW Studies 1040h 01-Dec-17 09-Apr-18

A1320 USACE HTRW Study - Phase 2 Study (for Emsworth) 1040h 01-Dec-17 09-Apr-18 A1230 A1330

A1330 Emsworth HTRW Investigative Drilling 240h 01-Mar-18 30-Mar-18 A1320 A1270

EmsworthEmsworth Plans & Specs 5840h 02-Oct-17 01-Oct-19

A1230 Start Emsworth Plans & Specs 0h 02-Oct-17 A1001 A1240, A

A1240 Emsworth Field Investigations 720h 02-Oct-17 30-Dec-17 A1230 A1250

A1250 Develop Emsworth Plans & Specs 5360h 02-Oct-17 02-Aug-19 A1230, A A1260

A1260 ATR Emsworth Plans & Specs 480h 03-Aug-19 01-Oct-19 A1250 A1270

A1270 Emsworth Plans & Specs Complete 0h 01-Oct-19 A1260, A2 A1300, A

EmsworthEmsworth Environmental Documents & Permits 5840h 02-Oct-17 01-Oct-19

A1280 Start Emsworth Environmental Docs / Permits 0h 02-Oct-17 A1290

A1290 Prepare Emsworth Environmental Compliance Docs / Permi 960h 02-Oct-17 29-Jan-18 A1280 A1300

A1300 Complete Emsworth Environmental Compliance Docs / Perm 0h 01-Oct-19 A1270, A A1370

EmsworthEmsworth VE/VM 480h 31-Dec-17 28-Feb-18

A2000 Emsworth VE/VM Studies 480h 31-Dec-17 28-Feb-18 A1230 A1270

EmsworthEmsworth Real Estate 5112h 02-Oct-17 02-Jul-19

A2030 Start Emsworth Land Acquisition 0h 02-Oct-17* A1001 A2040

A2040 Emsworth Survey Land Acquisition 720h 02-Oct-17 30-Dec-17 A2030 A2050, A2

A2050 Prepare Emsworth Segment Map 248h 30-Nov-17 30-Dec-17 A2040, A2 A1370, A2

A2060 Prepare Emsworth Legal Descriptions 728h 31-Dec-17 31-Mar-18 A2050, A2 A2070

A2070 Emsworth Appraisals and Appraisal Reviews 736h 01-Apr-18 01-Jul-18 A2060 A2080

A2080 Emsworth Negotiation of Land Purchase 736h 02-Jul-18 01-Oct-18 A2070 A2090

A2090 Emsworth Condemnation Package (if necessary) 720h 02-Oct-18 30-Dec-18 A2080 A2100

A2100 Emsworth DOJ Review and File Condemnations 976h 31-Dec-18 01-May-19 A2090 A2110

A2110 Emsworth Certify Real Estate 496h 02-May-19 02-Jul-19 A2100 A2120

A2120 Finish Emsworth Land Acquisition 0h 02-Jul-19 A2110 A1370

Emsworth CEmsworth Contract Creation, Advertisement & Award 6800h 02-Oct-17 29-Jan-20

A1340 Prepare Emsworth Aquisition Plan 240h 02-Oct-17 31-Oct-17 A1350

A1350 Prepare Emsworth Contract Documents 480h 01-Nov-17 30-Dec-17 A1340 A1360

A1360 Conduct Emsworth Contracting Peer Review 240h 31-Dec-17 29-Jan-18 A1350 A1370

A1370 Emsworth Contract RTA 0h 01-Oct-19* A1270, A2 A1380

A1380 Emsworth Contract Advertisement Period 480h 02-Oct-19 30-Nov-19 A1370 A1390

A1390 Emsworth Contract Award 0h 30-Dec-19 A1380 A1410, A

A1400 Issue Emsworth Contract NTP 0h 29-Jan-20 A1390 A1420

Emsworth CEmsworth Construction 14988h 31-Dec-19 05-Mar-27

A1410 Emsworth Contract Award 0h 31-Dec-19 A1390 A1420, E

A1420 Issue Emsworth Contract NTP 0h 30-Jan-20 A1410, A A1430, A

A1452 Emsworth Construction 14460h 30-Jan-20 04-Jan-27 A1420 A1460

A1460 Emsworth Physical Completion 0h 04-Jan-27 A1452, E A1440, A

A1470 Emsworth Fiscal Completion 0h 05-Mar-27 A1460 A1430

EmsworthEmsworth E&D During Construction 14460h 30-Jan-20 04-Jan-27

A A J A A A A A J A A A A A A A A J A J A A
2018 2019 2020 2021 2022 2023 2024 2025 2026 027

02-Oct-17, Feasibility and Preconstruction Planning, Engineering and Design

Receipt of Funding  - Ems

Receipt of Funding  - Dash

Receipt of Funding  - Mont

01-Oct-19, Emsworth Planning, Engineering and Design

09-Apr-18, Emsworth HTRW Studies

09-Apr-18

30-Mar-18

01-Oct-19, Emsworth Plans & Specs

Start Emsworth Plans & Specs

30-Dec-17

02-Aug-19

01-Oct-19

Emsworth Plans & Specs Complete

01-Oct-19, Emsworth Environmental Documents & Permits

Start Emsworth Environmental Docs / Permits

29-Jan-18

Complete Emsworth Environmental Compliance Docs / Permits

28-Feb-18, Emsworth VE/VM

28-Feb-18

02-Jul-19, Emsworth Real Estate

Start Emsworth Land Acquisition

30-Dec-17

30-Dec-17

31-Mar-18

01-Jul-18

01-Oct-18

30-Dec-18

01-May-19

02-Jul-19

Finish Emsworth Land Acquisition

29-Jan-20, Emsworth Contract Creation, Advertisement & Award

31-Oct-17

30-Dec-17

29-Jan-18

Emsworth Contract RTA

30-Nov-19

Emsworth Contract Award

Issue Emsworth Contract NTP

Emsworth Contract Award

Issue Emsworth Contract NTP

0

E

0

Emsworth, Dashields and Montgomery Feasibility Study 04-Aug-14 09:47

Remaining Level of Effort

Actual Level of Effort

Actual Work

Remaining Work

Critical Remaining Work

Milestone

Summary

WBS Summary Activity

Page 1 of 3 TASK filter: All Activities
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Activity ID Activity Name Original
Duration

Start Finish Predecess Successor

A1440 Emsworth E&D During Construction 14460h 30-Jan-20 04-Jan-27 A1420, A

EmsworthEmsworth Supervision & Administration 14812h 30-Jan-20 05-Mar-27

A1430 Emsworth Construction Management 14812h 30-Jan-20 05-Mar-27 A1470, A

Dashields RDashields 19136h 02-Oct-17 01-Dec-26

Dashields PDashields Planning, Engineering and Design 5840h 02-Oct-17 01-Oct-19

DashieldsDashields Plans & Specs 5840h 02-Oct-17 01-Oct-19

A1480 Start Dashields Plans & Specs 0h 02-Oct-17 A1002 A1500, A

A1490 Dashields Field Investigations 720h 02-Oct-17 30-Dec-17 A1480

A1500 Develop Dashields Plans & Specs 5360h 02-Oct-17 02-Aug-19 A1480 A1510

A1510 ATR Dashields Plans & Specs 480h 03-Aug-19 01-Oct-19 A1500 A1520

A1520 Dashields Plans & Specs Complete 0h 01-Oct-19 A1510 A1550, A

DashieldsDashields HTRW Studies 1040h 01-Dec-17 09-Apr-18

A1570 USACE HTRW Study - Phase 2 Study (for Dashields) 1040h 01-Dec-17 09-Apr-18 A1480 A1580

A1580 Dashields HTRW Investigative Drilling 240h 01-Mar-18 30-Mar-18 A1570

DashieldsDashields Environmental Documents & Permits 960h 04-Jun-19 01-Oct-19

A1530 Start Dashields Environmental Docs / Permits 0h 04-Jun-19 A1540

A1540 Prepare Dashields Environmental Compliance Docs / Permit 960h 04-Jun-19 01-Oct-19 A1550 A1530

A1550 Complete Dashields Environmental Compliance Docs / Perm 0h 01-Oct-19 A1520 A1540

DashieldsDashields VE/VM 480h 31-Dec-17 28-Feb-18

A2010 Dashields VE/VM Studies 480h 31-Dec-17 28-Feb-18 A1480

DashieldsDashields Real Estate 5112h 02-Oct-17 02-Jul-19

A2130 Start Dashields Land Acquisition 0h 02-Oct-17* A2140

A2140 Dashields Survey Land Acquisition 720h 02-Oct-17 30-Dec-17 A2130 A2150, A2

A2150 Prepare Dashields Segment Map 248h 30-Nov-17 30-Dec-17 A2140, A2 A2160

A2160 Prepare Dashields Legal Descriptions 728h 31-Dec-17 31-Mar-18 A2150, A2 A2170

A2170 Dashields Appraisals and Appraisal Reviews 736h 01-Apr-18 01-Jul-18 A2160 A2180

A2180 Dashields Negotiation of Land Purchase 736h 02-Jul-18 01-Oct-18 A2170 A2190

A2190 Dashields Condemnation Package (if necessary) 720h 02-Oct-18 30-Dec-18 A2180 A2200

A2200 Dashields DOJ Review and File Condemnations 976h 31-Dec-18 01-May-19 A2190 A2210

A2210 Dashields Certify Real Estate 496h 02-May-19 02-Jul-19 A2200 A2220

A2220 Finish Dashields Land Acquisition 0h 02-Jul-19 A2210 A1620

Dashields CDashields Contract Creation, Advertisement & Award 2048h 18-May-19 28-Jan-20

A1590 Prepare Dashields Aquisition Plan 240h 18-May-19 17-Jun-19 A1600

A1600 Prepare Dashields Contract Documents 480h 18-Jun-19 17-Aug-19 A1610 A1590

A1610 Conduct Dashields Contracting Peer Review 240h 18-Aug-19 17-Sep-19 A1620 A1600

A1620 Dashields Contract RTA 0h 01-Oct-19* A1520, A2 A1610, A

A1630 Dashields Contract Advertisement Period 472h 02-Oct-19 29-Nov-19 A1620 A1640

A1640 Dashields Contract Award 0h 29-Dec-19 A1630 A1650, A

A1650 Issue Dashields Contract NTP 0h 28-Jan-20 A1640

Dashields CDashields Construction 14456h 30-Dec-19 01-Dec-26

A1660 Dashields Contract Award 0h 30-Dec-19 A1640 A1670, D

A1670 Issue Dashields Contract NTP 0h 29-Jan-20 A1660 A1710, A

A1685 Dashields Construction 19510h 29-Jan-20 02-Oct-26 A1670 A1690

A1690 Dashields Physical Completion 0h 02-Oct-26 A1685, D A1720, A

A1700 Dashields Fiscal Completion 0h 01-Dec-26 A1690 A1710

DashieldsDashields E&D During Construction 13944h 29-Jan-20 02-Oct-26

A1720 Dashields E&D During Construction 13944h 29-Jan-20 02-Oct-26 A1670, A

DashieldsDashields Supervision & Administration 14280h 29-Jan-20 01-Dec-26

A1710 Dashields Construction Management 14280h 29-Jan-20 01-Dec-26 A1670, A

A A J A A A A A J A A A A A A A A J A J A A
2018 2019 2020 2021 2022 2023 2024 2025 2026 027

0

01-

01-Oct-19, Dashields Planning, Engineering and Design

01-Oct-19, Dashields Plans & Specs

Start Dashields Plans & Specs

30-Dec-17

02-Aug-19

01-Oct-19

Dashields Plans & Specs Complete

09-Apr-18, Dashields HTRW Studies

09-Apr-18

30-Mar-18

01-Oct-19, Dashields Environmental Documents & Permits

Start Dashields Environmental Docs / Permits

01-Oct-19

Complete Dashields Environmental Compliance Docs / Permits

28-Feb-18, Dashields VE/VM

28-Feb-18

02-Jul-19, Dashields Real Estate

Start Dashields Land Acquisition

30-Dec-17

30-Dec-17

31-Mar-18

01-Jul-18

01-Oct-18

30-Dec-18

01-May-19

02-Jul-19

Finish Dashields Land Acquisition

28-Jan-20, Dashields Contract Creation, Advertisement & Award

17-Jun-19

17-Aug-19

17-Sep-19

Dashields Contract RTA

29-Nov-19

Dashields Contract Award

Issue Dashields Contract NTP

01-

Dashields Contract Award

Issue Dashields Contract NTP

02-Oc

Dashi

Da

02-Oc

02-Oc

01-

01-

Emsworth, Dashields and Montgomery Feasibility Study 04-Aug-14 09:47

Remaining Level of Effort

Actual Level of Effort

Actual Work

Remaining Work

Critical Remaining Work

Milestone

Summary

WBS Summary Activity
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Activity ID Activity Name Original
Duration

Start Finish Predecess Successor

MontgomerMontgomery 17136h 02-Oct-17 16-Dec-25

MontgomerMontgomery Planning, Engineering and Design 5840h 02-Oct-17 01-Oct-19

MontgomMontgomery Plans & Specs 5840h 02-Oct-17 01-Oct-19

A1730 Start Montgomery Plans & Specs 0h 02-Oct-17 A1003 A1740, A

A1740 Montgomery Field Investigations 720h 02-Oct-17 30-Dec-17 A1730

A1750 Develop Montgomery Plans & Specs 5360h 02-Oct-17 02-Aug-19 A1730 A1760

A1760 ATR Montgomery Plans & Specs 480h 03-Aug-19 01-Oct-19 A1750 A1770

A1770 Montgomery Plans & Specs Complete 0h 01-Oct-19 A1760 A1800, A

MontgomMontgomery Environmental Documents & Permits 960h 04-Jun-19 01-Oct-19

A1780 Start Montgomery Environmental Docs / Permits 0h 04-Jun-19 A1790

A1790 Prepare Montgomery Environmental Compliance Docs / Per 960h 04-Jun-19 01-Oct-19 A1800 A1780

A1800 Complete Montgomery Environmental Compliance Docs / Pe 0h 01-Oct-19 A1770 A1790

MontgomMontgomery HTRW Studies 1040h 01-Dec-17 09-Apr-18

A1820 USACE HTRW Study - Phase 2 Study (for Montgomery) 1040h 01-Dec-17 09-Apr-18 A1730 A1830

A1830 Montgomery HTRW Investigative Drilling 240h 01-Mar-18 30-Mar-18 A1820

MontgomMontgomery VE/VM 480h 31-Dec-17 28-Feb-18

A2020 Montgomery VE/VM 480h 31-Dec-17 28-Feb-18 A1730

MontgomMontgomery Real Estate 5112h 02-Oct-17 02-Jul-19

A2230 Start Montgomery Land Acquisition 0h 02-Oct-17* A2240

A2240 Montgomery Survey Land Acquisition 720h 02-Oct-17 30-Dec-17 A2230 A2250, A2

A2250 Prepare Montgomery Segment Map 248h 30-Nov-17 30-Dec-17 A2240, A2 A2260

A2260 Prepare Montgomery Legal Descriptions 728h 31-Dec-17 31-Mar-18 A2250, A2 A2270

A2270 Montgomery Appraisals and Appraisal Reviews 736h 01-Apr-18 01-Jul-18 A2260 A2280

A2280 Montgomery Negotiation of Land Purchase 736h 02-Jul-18 01-Oct-18 A2270 A2290

A2290 Montgomery Condemnation Package (if necessary) 720h 02-Oct-18 30-Dec-18 A2280 A2300

A2300 Montgomery DOJ Review and File Condemnations 976h 31-Dec-18 01-May-19 A2290 A2310

A2310 Montgomery Certify Real Estate 496h 02-May-19 02-Jul-19 A2300 A2320

A2320 Finish Montgomery Land Acquisition 0h 02-Jul-19 A2310 A1870

MontgomerMontgomery Contract Creation, Advertisement & Award 2048h 18-May-19 28-Jan-20

A1840 Prepare Montgomery Aquisition Plan 240h 18-May-19 17-Jun-19 A1850

A1850 Prepare Montgomery Contract Documents 480h 18-Jun-19 17-Aug-19 A1860 A1840

A1860 Conduct Montgomery Contracting Peer Review 240h 18-Aug-19 17-Sep-19 A1870 A1850

A1870 Montgomery Contract RTA 0h 01-Oct-19* A1770, A2 A1860, A

A1880 Montgomery Contract Advertisement Period 472h 02-Oct-19 29-Nov-19 A1870 A1890

A1890 Montgomery Contract Award 0h 29-Dec-19 A1880 A1910, A

A1900 Issue Montgomery Contract NTP 0h 28-Jan-20 A1890

MontgomerMontgomery Construction 12456h 30-Dec-19 16-Dec-25

A1910 Montgomery Contract Award 0h 30-Dec-19 A1890 A1920, M

A1920 Issue Montgomery Contract NTP 0h 29-Jan-20 A1910 A1960, A

A1935 Montgomery Construction 16700h 29-Jan-20 16-Oct-25 A1920 A1940

A1940 Montgomery Physical Completion 0h 17-Oct-25 A1935, M A1950, A

A1950 Montgomery Fiscal Completion 0h 16-Dec-25 A1940 A1960

MontgomMontgomery E&D During Construction 11944h 29-Jan-20 17-Oct-25

A1970 Montgomery E&D During Construction 11944h 29-Jan-20 17-Oct-25 A1920, A

MontgomMontgomery Supervision & Administration 12280h 29-Jan-20 16-Dec-25

A1960 Montgomery Construction Management 12280h 29-Jan-20 16-Dec-25 A1920, A

A A J A A A A A J A A A A A A A A J A J A A
2018 2019 2020 2021 2022 2023 2024 2025 2026 027

16-Dec-25, Montgom

01-Oct-19, Montgomery Planning, Engineering and Design

01-Oct-19, Montgomery Plans & Specs

Start Montgomery Plans & Specs

30-Dec-17

02-Aug-19

01-Oct-19

Montgomery Plans & Specs Complete

01-Oct-19, Montgomery Environmental Documents & Permits

Start Montgomery Environmental Docs / Permits

01-Oct-19

Complete Montgomery Environmental Compliance Docs / Permits

09-Apr-18, Montgomery HTRW Studies

09-Apr-18

30-Mar-18

28-Feb-18, Montgomery VE/VM

28-Feb-18

02-Jul-19, Montgomery Real Estate

Start Montgomery Land Acquisition

30-Dec-17

30-Dec-17

31-Mar-18

01-Jul-18

01-Oct-18

30-Dec-18

01-May-19

02-Jul-19

Finish Montgomery Land Acquisition

28-Jan-20, Montgomery Contract Creation, Advertisement & Award

17-Jun-19

17-Aug-19

17-Sep-19

Montgomery Contract RTA

29-Nov-19

Montgomery Contract Award

Issue Montgomery Contract NTP

16-Dec-25, Montgom

Montgomery Contract Award

Issue Montgomery Contract NTP

16-Oct-25

Montgomery Physical C

Montgomery Fiscal 

17-Oct-25, Montgomer

17-Oct-25

16-Dec-25, Montgom

16-Dec-25

Emsworth, Dashields and Montgomery Feasibility Study 04-Aug-14 09:47

Remaining Level of Effort

Actual Level of Effort

Actual Work

Remaining Work

Critical Remaining Work

Milestone

Summary

WBS Summary Activity
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Activity ID Activity Name Original
Duration

Start Finish Predecessors

Upper Ohio Upper Ohio Emsworth 18276h 31-Dec-19 04-Jan-27

E000000005 Award Contract 0h 31-Dec-19* A1410
E000000010 Notice to Proceed 0h 30-Jan-20 E000000005
E000000015 Initital Submittals 800h 28-Feb-20 20-Jul-20 E000000010
E000000020 Chamber Commissioned 0h 29-Jan-26 E040001, E99A0
E000000025 Site Cleanup / Demob 320h 30-Jan-26 27-Mar-26 E000000020, E0
E000000030 Contract Complete 0h 04-Jan-27 E000000025, E0
E000000035 Total Weather Days 2240h 28-Mar-26 01-Jan-27 E000000025

LocksLocks 15773h 31-Dec-19 29-Jan-26

Lock StructLock Structure 9208h 27-Nov-20 30-Jun-25

MetalsMetals 640h 10-Mar-25 30-Jun-25
E6305 Metals 640h 10-Mar-25 30-Jun-25 E630301E

ConcreteConcrete 9088h 27-Nov-20 09-Jun-25
E630307 Cement 7040h 08-Mar-21 04-Sep-24 E050001B10
E630308 Pozzolan 7040h 08-Mar-21 04-Sep-24 E050001B10
E630309 Waterstops 7040h 08-Mar-21 04-Sep-24 E050001B10
E6303AA Ground Granulated Blast Furnace Slag 7040h 08-Mar-21 04-Sep-24 E050001B10
E6303BB Silica Fume 7040h 08-Mar-21 04-Sep-24 E050001B10
E6303C Anti-Washout Mixture 7040h 08-Mar-21 04-Sep-24 E050001B10
E6303D Limestone Powder 7040h 08-Mar-21 04-Sep-24 E050001B10
ReinforReinforcing Steel 6888h 28-Dec-21 02-Jun-25

E630 Reinforcing Steel, Culverts 240h 06-May-24 17-Jun-24 E100204B
E630 Reinforcing Steel, Lock Floor Slabs 320h 07-Apr-25 02-Jun-25 E1002A
E630 Reinforcing Steel, Sills 320h 25-Jun-24 20-Aug-24 E630301A
E630 Reinforcing Steel, Lock Wall Within Cofferboxes 0h 28-Dec-21 28-Dec-21 E100203D2
E630 Reinforcing Steel, Lock Wall Conventional Constru 960h 28-Aug-24 21-Feb-25 E630301C, E630

Tremie Tremie Concrete in Place 2208h 28-Dec-21 02-Feb-23
E630 Tremie Concrete, in Place within Cofferboxes U/S 120h 11-Apr-22 29-Apr-22 E100203D1
E630 Tremie Concrete, in Place within Cofferboxes D/S 80h 28-Dec-21 11-Jan-22 E100203D2
E630 Tremie Concrete, in Place within Cofferboxes U/S 120h 12-Jan-23 02-Feb-23 E100203D3
E630 Tremie Concrete, in Place within Cofferboxes D/S 120h 28-Sep-22 19-Oct-22 E100203D4

ConcreConcrete in Place 6808h 20-Jan-22 09-Jun-25

ConvConventional Construction 960h 12-Sep-24 07-Mar-25
E6 Concrete, Lock Wall - Conventional Construction 960h 12-Sep-24 07-Mar-25 E630304F, E110

ConcConcrete, Lock Chamber Floors 240h 28-Apr-25 09-Jun-25
E6 Concrete, Lock Chamber Floor Slabs 240h 28-Apr-25 09-Jun-25 E630301E, E630

CastCast-in-place Concrete, Sills 240h 17-Jul-24 27-Aug-24
E6 Cast-In-Place Concrete, Sills 240h 17-Jul-24 27-Aug-24 E630304C

ConcConcrete, Lock Wall Within  Cofferboxes 2928h 20-Jan-22 03-Jul-23
E6 Concrete, Lock Wall Within Cofferboxes U/S RW 800h 09-May-22 28-Sep-22 E030201C15
E6 Concrete, Lock Wall Within Cofferboxes, D/S RW 320h 20-Jan-22 17-Mar-22 E030201C16
E6 Concrete, Lock Wall Within Cofferboxes, U/S MW 800h 10-Feb-23 03-Jul-23 E030201C18, E0
E6 Concrete, Lock Wall Within Cofferboxes, D/S MW 800h 27-Oct-22 23-Mar-23 E030201C17

ConcConcrete, Filling and Emptying Culverts 160h 28-May-24 24-Jun-24
E6 Concrete, F/E Culverts 160h 28-May-24 24-Jun-24 E100204B, E630

Land WLand Wall Penstock Structure 40h 27-Nov-20 01-Dec-20

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
FQ2 FQ3 FQ4 FQ1 FQ2 FQ3 FQ4 FQ1 FQ2 FQ3 FQ4 FQ1 FQ2 FQ3 FQ4 FQ1 FQ2 FQ3 FQ4 FQ1 FQ2 FQ3 FQ4 FQ1 FQ2 FQ3 FQ4 FQ1 FQ2 FQ3

FY2020 FY2021 FY2022 FY2023 FY2024 FY2025 FY2026 FY2027

04-Jan-2

Award Contract
Notice to Proceed

20-Jul-20
Chamber Commissioned

27-Mar-26
Contrac
01-Jan-2

29-Jan-26, Locks

30-Jun-25, Lock Structure
30-Jun-25, Metals
30-Jun-25

09-Jun-25, Concrete
04-Sep-24
04-Sep-24
04-Sep-24
04-Sep-24
04-Sep-24
04-Sep-24
04-Sep-24

02-Jun-25, Reinforcing Steel
17-Jun-24

02-Jun-25
20-Aug-24

28-Dec-21
21-Feb-25

02-Feb-23, Tremie Concrete in Place
29-Apr-22

11-Jan-22
02-Feb-23

19-Oct-22
09-Jun-25, Concrete in Place

07-Mar-25, Conventional Construction
07-Mar-25

09-Jun-25, Concrete, Lock Chamber Floors
09-Jun-25

27-Aug-24, Cast-in-place Concrete, Sills
27-Aug-24

03-Jul-23, Concrete, Lock Wall Within Cofferboxes
28-Sep-22

17-Mar-22
03-Jul-23

23-Mar-23
24-Jun-24, Concrete, Filling and Emptying Culverts
24-Jun-24

01-Dec-20, Land Wall Penstock Structure

Upper Ohio Emsworth Classic WBS Layout w/ 3 line timescale 04-Jun-14 14:31

Remaining Level of Effort
Actual Level of Effort

Actual Work
Remaining Work

Critical Remaining Work
Milestone

Summary
WBS Summary Activity

Page 1 of 6 TASK filter: All Activities
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Activity ID Activity Name Original
Duration

Start Finish Predecessors

E630 Land Wall Penstock Shotcrete 40h 27-Nov-20 01-Dec-20 E031501A01

Special CoSpecial Construction 200h 27-May-25 30-Jun-25
E6313 Special Construction 200h 27-May-25 30-Jun-25 E6305

Care and DiCare and Diversion of Water 9520h 13-Nov-20 12-Aug-25

Site WorkSite Work 9520h 13-Nov-20 12-Aug-25

CofferdCofferdam 9520h 13-Nov-20 12-Aug-25
BracBraced Cofferdam, Land Wall Emptying System Modi 64h 13-Nov-20 24-Nov-20

E0 Braced Cofferdam, F/I Sheet Pile 40h 13-Nov-20 19-Nov-20 E100203A
E0 Structural Steel, Braced Cofferdam 24h 20-Nov-20 24-Nov-20 E030201A01
E0 Braced Cofferdam, Tremie Concrete 24h 20-Nov-20 24-Nov-20 E030201A01

RiveRiver Chamber Cofferdam 4808h 24-Mar-23 12-Aug-25
E0 Construct Upstream Cofferdam 240h 05-Jul-23 15-Aug-23 E630301D1, E63
E0 Construct Downstream Cofferdam 240h 24-Mar-23 04-May-23 E630301D2, E63
E0 Construct Cellular Cofferdam at Dam 400h 16-Aug-23 26-Oct-23 E630301D1, E03
E0 Construct Cofferdam at Dam Sill 240h 05-May-23 16-Jun-23 E630301D2, E03
E0 Remove Cofferdams 40h 06-Aug-25 12-Aug-25 E570501B03
E0 Remove U/S Chamber Coffercells 40h 16-Jul-25 22-Jul-25 E050009, E0400

CoffCofferboxes 4560h 29-Mar-21 03-Jul-23
E0 F/I U/S RW Cofferbox 320h 29-Mar-21 21-May-21 E050001A05, E0
E0 F/I D/S RW Coffebox 200h 07-Jun-21 12-Jul-21 E100204A
E0 F/I U/S MW Cofferbox 320h 24-May-21 20-Jul-21 E030201C01, E0
E0 F/I D/S M/W Cofferbox 280h 13-Jul-21 30-Aug-21 E030201C02, E0
E0 Cofferbox Dewatering U/S RW 40h 02-May-22 06-May-22 E6303B1
E0 Cofferbox Dewatering D/S RW 40h 12-Jan-22 19-Jan-22 E6303B2
E0 Cofferbox Dewatering D/S MW 40h 20-Oct-22 26-Oct-22 E6303B4
E0 Cofferbox Dewatering U/S MW 40h 03-Feb-23 09-Feb-23 E6303B3
E0 Cofferbox Maintenance Dewaterings 2720h 28-Feb-22 03-Jul-23 E030201C16

UnwateUnwatering Cofferdam 64h 18-Nov-20 30-Nov-20

UnwUnwatering Chambers for Land Chamber Emptying S 64h 18-Nov-20 30-Nov-20
E0 Transport Closure Components 40h 18-Nov-20 24-Nov-20 E030201A03, E0
E0 Install Boule Dam - Land Chamber 16h 25-Nov-20 26-Nov-20 E030202A01
E0 Install Poiree Dam - Land Chamber 16h 25-Nov-20 26-Nov-20 E030202A01
E0 Install Needle Dam - River Chamber 16h 29-Nov-20 30-Nov-20 E030202A06
E0 Install Poiree Dam - River Chamber 16h 29-Nov-20 30-Nov-20 E030202A06
E0 Install Valve Bulkheads 16h 27-Nov-20 28-Nov-20 E030202A03, E0

MechanicalMechanical 8960h 29-Nov-20 16-May-25
UnwateUnwatering Cofferdam 8960h 29-Nov-20 16-May-25

UnwUnwatering Existing Lock Chambers 24h 29-Nov-20 01-Dec-20
E0 Unwatering Existing Lock Chambers - Initital Dewa 24h 29-Nov-20 01-Dec-20 E030202A06

DewDewatering River Chamber Cofferdam 3120h 27-Oct-23 16-May-25
E0 Dewatering River Chamber Cofferdam - Initial 80h 27-Oct-23 09-Nov-23 E030201B01, E0
E0 Dewatering River Chamber Cofferdam - Maintenan 3040h 10-Nov-23 16-May-25 E031501B01

Building, PrBuilding, Project Operations (Control Tower) 640h 10-Mar-25 30-Jun-25
E050009 Construction of Control Tower 640h 10-Mar-25 30-Jun-25 E630301E

Mob, DemobMob, Demob, Prep Work 15068h 10-Apr-20 15-Dec-25
E050001A0 Initial Mobilization 480h 10-Apr-20 06-Jul-20 E000000015

MobilizatiMobilization and Demobilization 0h

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
FQ2 FQ3 FQ4 FQ1 FQ2 FQ3 FQ4 FQ1 FQ2 FQ3 FQ4 FQ1 FQ2 FQ3 FQ4 FQ1 FQ2 FQ3 FQ4 FQ1 FQ2 FQ3 FQ4 FQ1 FQ2 FQ3 FQ4 FQ1 FQ2 FQ3

FY2020 FY2021 FY2022 FY2023 FY2024 FY2025 FY2026 FY2027

01-Dec-20
30-Jun-25, Special Construction
30-Jun-25

12-Aug-25, Care and Diversion of Water
12-Aug-25, Site Work
12-Aug-25, Cofferdam

24-Nov-20, Braced Cofferdam, Land Wall Emptying System Modification
19-Nov-20
24-Nov-20
24-Nov-20

12-Aug-25, River Chamber Cofferdam
15-Aug-23

04-May-23
26-Oct-23

16-Jun-23
12-Aug-25

22-Jul-25
03-Jul-23, Cofferboxes

21-May-21
12-Jul-21
20-Jul-21

30-Aug-21
06-May-22

19-Jan-22
26-Oct-22

09-Feb-23
03-Jul-23

30-Nov-20, Unwatering Cofferdam
30-Nov-20, Unwatering Chambers for Land Chamber Emptying System
24-Nov-20
26-Nov-20
26-Nov-20
30-Nov-20
30-Nov-20
28-Nov-20

16-May-25, Mechanical
16-May-25, Unwatering Cofferdam

01-Dec-20, Unwatering Existing Lock Chambers
01-Dec-20

16-May-25, Dewatering River Chamber Cofferd
09-Nov-23

16-May-25
30-Jun-25, Building, Project Operations (Co
30-Jun-25

15-Dec-25, Mob, Demob, Prep W
06-Jul-20
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ExploratoExploratory Drilling 600h 07-Jul-20 21-Oct-20
E05000 Exploratory Program - Random In-Situ Sampling 200h 07-Jul-20 10-Aug-20 E050001A05
E05000 Exploratory Drilling, Soil Drilling Without Sampling 200h 07-Jul-20 10-Aug-20 E050001A05
E05000 Exploratory Drilling, Soil Drilling With Sampling 200h 07-Jul-20 10-Aug-20 E050001A05
E05000 Exploratory Drilling, Rock Drilling With Coring 200h 21-Jul-20 24-Aug-20 E050001F03, E0
E05000 Exploratory Drilling, Sealing Holes 200h 28-Jul-20 31-Aug-20 E050001F04
E05000 Exploratory Pile Driving 280h 01-Sep-20 21-Oct-20 E050001F05

Site PrepaSite Preparation 11200h 15-May-20 15-Dec-25
E05000 Batch Plant Site Preparation 1440h 15-May-20 04-Feb-21 E050001A05
E05000 Install Batch Plant 400h 21-Dec-20 05-Mar-21 E050001B05
E05000 Install Concrete Conveyor System 800h 22-Oct-20 19-Mar-21 E050001A05, E0
E05000 Land Chamber Emptying System Modification 168h 04-Dec-20 24-Dec-20 E031501A01, E0
E05000 Cleaning Sediment Basins 8000h 29-Jun-21 23-Jun-25 E050001B10
E05000 Batch Plant Environment Compliance Measures/C 9600h 08-Mar-21 15-Dec-25 E050001B10

TemporaryTemporary Operating Facilities for Land Chamber 520h 22-Sep-20 24-Dec-20
E05000 Temporary Enclosure for Land Wall Facilities 40h 19-Nov-20 25-Nov-20 E050001A05
E05000 Temporary Electrical System 360h 22-Sep-20 25-Nov-20 E050001A05
E05000 Temporary Compressed Air System 160h 28-Oct-20 25-Nov-20 E050001A05
E05000 New Lock Operating Controls 160h 27-Nov-20 24-Dec-20 E050001D02, E0

GovernmeGovernment Field Office and Facilities 8600h 21-Jul-20 31-Oct-24
E05000 Gov't Field Office and Facil. Install Utilities 320h 21-Jul-20 15-Sep-20 E000000010
E05000 Gov't Field Office Asphalt Pavement 80h 16-Sep-20 29-Sep-20 E050001E01
E05000 Gov't Field Office Security Fence 80h 22-Oct-20 04-Nov-20 E050001E04
E05000 Gov't Field Office 120h 30-Sep-20 21-Oct-20 E050001E02
E05000 Maintenance and Utilities for Field Office 8000h 05-Nov-20 31-Oct-24 E050001E04, E0

DemolitionDemolition 7312h 07-Jul-20 29-Feb-24
E05000 Demolition of UGW Extension Cells 80h 22-Oct-20 04-Nov-20 E050001F06
E05000 Demolition of LGW Extension Cells 120h 28-Dec-20 19-Jan-21 E050001F06, E0
E05000 Demolition of Penstock Plug 40h 07-Jul-20 13-Jul-20 E050001A05
E05000 Remove Lower Miter Gate 40h 19-Feb-21 25-Feb-21 E050001C06, E0
E05000 Demolition of Guard Walls 480h 21-Jan-21 15-Apr-21 E050001C02, E0
E05000 Demolition of Cross Culverts for LW Empty Sys Mo 168h 04-Dec-20 24-Dec-20 E050001B20, E0
E05000 Remove Upper Miter Gate 16h 10-Nov-23 14-Nov-23 E031501B01
E05000 Demolition of RW inside of Cofferdam 200h 22-Nov-23 28-Dec-23 E050001C10
E05000 Demo of Miter Gate, Poiree Dam, and Emer Dam S 160h 29-Dec-23 29-Jan-24 E050001C04, E0
E05000 Demolition of River Wall Bldg 40h 15-Nov-23 21-Nov-23 E050001C07
E05000 Demolition of Dam Pier No. 1 120h 18-Jan-24 07-Feb-24 E050001C14, E0
E05000 Demolition of Dam Sill and Apron, Gate Bay No. 1 40h 08-Feb-24 14-Feb-24 E050001C11
E05000 Demolition of Existing Gate and Associated Items, 40h 29-Dec-23 05-Jan-24 E050001C08
E05000 Demolition of Fixed Weir 80h 29-Dec-23 12-Jan-24 E050001C08
E05000 Remove Existing Footbridge 16h 08-Jan-24 09-Jan-24 E050001C13
E05000 Remove Existing Service Bridge Span 40h 10-Jan-24 17-Jan-24 E050001C15
E05000 Remove Existing Timber Piles, and Steel Piles/Pilin 80h 15-Feb-24 29-Feb-24 E050001C12

Lock Gates Lock Gates & Operating Machine U/L 11320h 31-Dec-19 19-Aug-25
E570501A0 Fab/Delivery of Upper Gate Leaves 1760h 31-Dec-19* 12-Nov-20
E570501A0 Install Upper Gate Leaves 80h 06-Aug-25 19-Aug-25 E570501A01, E5
E570501B0 Fab/Delivery of Lower Gate Leaves 1760h 31-Dec-19* 12-Nov-20

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
FQ2 FQ3 FQ4 FQ1 FQ2 FQ3 FQ4 FQ1 FQ2 FQ3 FQ4 FQ1 FQ2 FQ3 FQ4 FQ1 FQ2 FQ3 FQ4 FQ1 FQ2 FQ3 FQ4 FQ1 FQ2 FQ3 FQ4 FQ1 FQ2 FQ3

FY2020 FY2021 FY2022 FY2023 FY2024 FY2025 FY2026 FY2027

21-Oct-20, Exploratory Drilling
10-Aug-20
10-Aug-20
10-Aug-20
24-Aug-20
31-Aug-20

21-Oct-20
15-Dec-25, Site Preparation

04-Feb-21
05-Mar-21
19-Mar-21

24-Dec-20
23-Jun-25

15-Dec-25
24-Dec-20, Temporary Operating Facilities for Land Chamber

25-Nov-20
25-Nov-20
25-Nov-20

24-Dec-20
31-Oct-24, Government Field Office and Facilities

15-Sep-20
29-Sep-20

04-Nov-20
21-Oct-20

31-Oct-24
29-Feb-24, Demolition

04-Nov-20
19-Jan-21

13-Jul-20
25-Feb-21

15-Apr-21
24-Dec-20

14-Nov-23
28-Dec-23

29-Jan-24
21-Nov-23

07-Feb-24
14-Feb-24

05-Jan-24
12-Jan-24
09-Jan-24
17-Jan-24

29-Feb-24
19-Aug-25, Lock Gates & Operating Mac

12-Nov-20
19-Aug-25

12-Nov-20
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E570501B0 Install Lower Gate Leaves 80h 23-Jul-25 05-Aug-25 E570501B01, E5
E570508 Emergency Bulkheads 1760h 31-Dec-19* 12-Nov-20
E5705AB Miscellaneous Structural/Stainless Steel 960h 17-Dec-24 09-Jun-25
E5715 Mechanical / Gate Operating Machinery 1760h 19-Sep-24 05-Aug-25 E5705AB, E5705

Foundation Foundation Work 6336h 22-Mar-21 14-May-24

Site WorkSite Work 6336h 22-Mar-21 14-May-24
Drilled Drilled Shafts for Foundation (Cofferbox) 3480h 22-Mar-21 12-Dec-22

E110 Demonstration Drilled Shafts 160h 22-Mar-21 16-Apr-21 E050001B15
E110 Install 78" Diameter Drilled Shafts (U/S RW) 1600h 24-May-21 11-Mar-22 E1102A01, E030
E110 Install 78" Diameter Drilled Shafts (D/S RW) 800h 13-Jul-21 03-Dec-21 E1102A01, E030
E110 Install 78" Diameter Drilled Shafts (U/S MW) 1440h 28-Mar-22 12-Dec-22 E1102A02A, E05
E110 Install 78" Diameter Drilled Shafts (D/S MW) 1400h 20-Dec-21 29-Aug-22 E1102A02B, E05

Drilled Drilled Shafts for Foundation (within Cofferdam) 600h 30-Jan-24 14-May-24
E110 Install 78" Dia Drilled Shafts (MW, in the dry) 200h 30-Jan-24 05-Mar-24 E050001C08, E0
E110 Install 78" Dia Drilled Shafts (RW, in the dry) 400h 06-Mar-24 14-May-24 E050001C17, E

Piping SystePiping System 240h 10-Mar-25 18-Apr-25
E651502 Install Compressed Air System 240h 10-Mar-25 18-Apr-25 E630301E
E651504 Install Service Water System 240h 10-Mar-25 18-Apr-25 E630301E

Earthwork fEarthwork for Structures 11417h 22-Oct-20 04-Apr-25

SiteworkSitework 11417h 22-Oct-20 04-Apr-25

GranulaGranular Fill, Chamber Floor Slabs 160h 10-Mar-25 04-Apr-25
E100 Place Granular Fill, Chamber Floor Slabs 160h 10-Mar-25 04-Apr-25 E630301E

CommoCommon Excavation 6440h 22-Oct-20 10-Jan-24
E100 Underwater Excavation, Lowries Run 120h 22-Oct-20 12-Nov-20 E050001F06, E0
E100 Underwater Excavation Gate Monolith and Emptyin 120h 19-Mar-21 08-Apr-21 E100203C
E100 Removal of Scour Protection D/S of Dam 120h 26-Feb-21 18-Mar-21 E050001C06, E0
E100 Excavation Within Cofferboxes U/S RW 160h 14-Mar-22 08-Apr-22 E030201C01, E
E100 Excavation Within Cofferboxes D/S RW 120h 06-Dec-21 27-Dec-21 E030201C02, E
E100 Excavtion Within Cofferboxes U/S MW 160h 13-Dec-22 11-Jan-23 E030201C03, E
E100 Excavation Within Cofferboxes D/S MW 160h 30-Aug-22 27-Sep-22 E030201C10, E
E100 Excavation Within Cofferdam 320h 10-Nov-23 10-Jan-24 E031501B01

Rock ERock Excavation 8013h 09-Apr-21 03-May-24
E100 Underwater Rock Excavation - Miter Gate and Em 320h 09-Apr-21 04-Jun-21 E050001C04, E0
E100 Rock Excavation within Cofferdam 800h 12-Dec-23 03-May-24 E100203E

RockRock Excavation Within Cofferdam 0h

UndeUnderwater Rock Excavation - Miter Gate and Emptyi 0h

Guide-GuarGuide-Guard Walls, Upper & Lower 9400h 24-May-21 29-Jan-26

Piling for Piling for Guide and Guard Walls 1120h 09-Nov-23 31-May-24
E6102A Upstream Guard Wall, Nose Cell and Support Cells 1120h 09-Nov-23 31-May-24 E6111C, E6131A

EarthworkEarthwork 4968h 24-Feb-23 12-Aug-25

DownsDownstream Guard Wall 400h 24-Feb-23 04-May-23
E613 Earthwork for D/S Guard Wall 400h 24-Feb-23 04-May-23

UpstreaUpstream Guard Wall 3928h 29-Aug-23 12-Aug-25
E610 Place Last Section of UGW - Tie In to new River W 80h 30-Jul-25 12-Aug-25 E030201B07, E6
E613 Earthwork for U/S Guard Wall 400h 29-Aug-23 08-Nov-23 E6111C

ConcreteConcrete 9400h 24-May-21 29-Jan-26

ConcreConcrete in Place 9400h 24-May-21 29-Jan-26

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
FQ2 FQ3 FQ4 FQ1 FQ2 FQ3 FQ4 FQ1 FQ2 FQ3 FQ4 FQ1 FQ2 FQ3 FQ4 FQ1 FQ2 FQ3 FQ4 FQ1 FQ2 FQ3 FQ4 FQ1 FQ2 FQ3 FQ4 FQ1 FQ2 FQ3

FY2020 FY2021 FY2022 FY2023 FY2024 FY2025 FY2026 FY2027

05-Aug-25
12-Nov-20

09-Jun-25
05-Aug-25

14-May-24, Foundation Work
14-May-24, Site Work

12-Dec-22, Drilled Shafts for Foundation (Cofferbox)
16-Apr-21

11-Mar-22
03-Dec-21

12-Dec-22
29-Aug-22

14-May-24, Drilled Shafts for Foundation (within Cofferdam)
05-Mar-24

14-May-24
18-Apr-25, Piping System
18-Apr-25
18-Apr-25

04-Apr-25, Earthwork for Structures
04-Apr-25, Sitework
04-Apr-25, Granular Fill, Chamber Floor Slabs
04-Apr-25

10-Jan-24, Common Excavation
12-Nov-20

08-Apr-21
18-Mar-21

08-Apr-22
27-Dec-21

11-Jan-23
27-Sep-22

10-Jan-24
03-May-24, Rock Excavation

04-Jun-21
03-May-24

29-Jan-26, Guide-Guard Walls
31-May-24, Piling for Guide and Guard Walls
31-May-24

12-Aug-25, Earthwork
04-May-23, Downstream Guard Wall
04-May-23

12-Aug-25, Upstream Guard Wall
12-Aug-25

08-Nov-23
29-Jan-26, Concrete
29-Jan-26, Concrete in Place
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E610 Cement and Concrete Admixtures (Guard Walls) 3600h 15-Aug-23 30-May-25 E610301A01

UpstUpstream Guard Wall 2840h 09-Nov-23 10-Apr-25
E6 Tremie Concrete Mix 2, U/S GW Nose and Suppo 1200h 09-Nov-23 14-Jun-24 E6102A
E6 Mass Concrete Mix 7, U/S GW Nose Cell 1200h 27-Nov-23 28-Jun-24 E610301A01
E6 Mass Concrete Mix 8, U/S GW Thrust Blocks 1200h 17-Jun-24 22-Jan-25 E610301A04, E6
E6 U/S Guard Wall, Precast Box Beams 1760h 03-May-24 20-Mar-25 E610301A05
E6 U/S Guard Wall, Precast Concrete Skirts 1760h 24-May-24 10-Apr-25 E610301A06
E6 Reinforcing Steel for UGW 1200h 17-Jun-24 22-Jan-25 E610301A01

LowLower Guard Wall 9400h 24-May-21 29-Jan-26
E6 Construct D/S Guard Wall - Floating Pontoon 3520h 24-May-21 24-Feb-23 E050001A05
E6 Tremie Conc Mix 1 LGW Lock Pylon and Nose Py 40h 02-Dec-25 08-Dec-25 E6105A3, E6105
E6 Flowable Concrete Mix 13 LGW Lock Pylon and N 40h 09-Dec-25 15-Dec-25 E610301B02, E6
E6 Delivery of LGW Pontoon 160h 17-Nov-25 15-Dec-25 E610301B01
E6 Installation of LGW Pontoon 240h 16-Dec-25 29-Jan-26 E6105C3, E6103
E6 Reinforcing Steel for LGW 120h 07-Nov-25 01-Dec-25 E6105B3, E6105

Drilled ShDrilled Shafts 4888h 05-May-23 08-Oct-25

Drilled Drilled Shafts for Lock and Nose Pylons 320h 13-Aug-25 08-Oct-25
E611 Drilled Shafts for Lock and Nose Pylons (84" Dia) 320h 13-Aug-25 08-Oct-25 E6111C, E03020

Drilled Drilled Shafts for Pontoon Landing Supports 640h 05-May-23 28-Aug-23
E611 Drilled Shafts for Pontoon Landing Supports (48" D 640h 05-May-23 28-Aug-23 E1102A02D, E03

MetalsMetals 1480h 10-Mar-25 01-Dec-25
E6105A1 D/S Guard Wall - Nose Pylon Superstructure Furn 1200h 10-Mar-25 08-Oct-25
E6105A3 D/S Guard Wall - Nose Pylon Superstructure Insta 80h 09-Oct-25 23-Oct-25 E6111B, E6105A
E6105B1 D/S Guard Wall - Lock Pylon Superstructure Furni 1200h 24-Mar-25 23-Oct-25
E6105B3 D/S Guard Wall - Lock Pylon Superstructure Insta 80h 24-Oct-25 06-Nov-25 E6111B, E6105A
E6105C1 D/S Guard Wall - Guide Keys Fab/Del 960h 19-May-25 06-Nov-25
E6105C3 D/S Guard Wall - Guide Keys Installation 120h 07-Nov-25 01-Dec-25 E6111B, E6105C

Bridges, AbBridges, Abutments and Piers 1160h 17-Dec-24 15-Jul-25

Control ToControl Tower - Dam Pier Footbridge 1160h 17-Dec-24 15-Jul-25
FabricaFabrication and Delivery of Footbridge Span 1080h 17-Dec-24 30-Jun-25

E06A Fab Bridges, Superstructure and Deck 960h 17-Dec-24 09-Jun-25
E06A Bridges, Associated General Items 40h 24-Jun-25 30-Jun-25 E06A0103
E06A Transport of Footbridge 80h 10-Jun-25 23-Jun-25 E06A0101

InstallaInstallation of Footbridge Span 80h 01-Jul-25 15-Jul-25
E06A Installation of Footbridge Span 80h 01-Jul-25 15-Jul-25 E06A0103, E06A

Power and LPower and Lighting Systems 1120h 10-Mar-25 24-Sep-25
E6616 Electrical Work 1120h 10-Mar-25 24-Sep-25 E630301E

Culvert ValvCulvert Valves & Operating Machinery 3320h 22-Apr-24 15-Dec-25

MechanicalMechanical 160h 07-Apr-25 02-May-25
E6415 Valve Operating Machinery 160h 07-Apr-25 02-May-25 E6405D

Emptying Emptying Basin 1440h 31-Mar-25 15-Dec-25
E64A Emptying Basin 1440h 31-Mar-25 15-Dec-25 E100204A, E030

MetalsMetals 1920h 22-Apr-24 04-Apr-25
E6405AA Fabricate and Deliver Valves/Bulkheads/and Liners 1760h 22-Apr-24 07-Mar-25
E6405D Liner and Valve Installation 160h 10-Mar-25 04-Apr-25 E630301E, E640

Associated Associated General Items 2400h 22-Apr-24 30-Jun-25

ConveyingConveying Systems 1960h 22-Apr-24 11-Apr-25

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
FQ2 FQ3 FQ4 FQ1 FQ2 FQ3 FQ4 FQ1 FQ2 FQ3 FQ4 FQ1 FQ2 FQ3 FQ4 FQ1 FQ2 FQ3 FQ4 FQ1 FQ2 FQ3 FQ4 FQ1 FQ2 FQ3 FQ4 FQ1 FQ2 FQ3

FY2020 FY2021 FY2022 FY2023 FY2024 FY2025 FY2026 FY2027

30-May-25
10-Apr-25, Upstream Guard Wall

14-Jun-24
28-Jun-24

22-Jan-25
20-Mar-25

10-Apr-25
22-Jan-25

29-Jan-26, Lower Guard Wall
24-Feb-23

08-Dec-25
15-Dec-25
15-Dec-25

29-Jan-26
01-Dec-25

08-Oct-25, Drilled Shafts
08-Oct-25, Drilled Shafts for Lock and
08-Oct-25

28-Aug-23, Drilled Shafts for Pontoon Landing Supports
28-Aug-23

01-Dec-25, Metals
08-Oct-25
23-Oct-25
23-Oct-25
06-Nov-25
06-Nov-25

01-Dec-25
15-Jul-25, Bridges, Abutments and Piers
15-Jul-25, Control Tower - Dam Pier Footbr

30-Jun-25, Fabrication and Delivery of Footb
09-Jun-25

30-Jun-25
23-Jun-25

15-Jul-25, Installation of Footbridge Span
15-Jul-25

24-Sep-25, Power and Lighting System
24-Sep-25

15-Dec-25, Culvert Valves & Ope
02-May-25, Mechanical
02-May-25

15-Dec-25, Emptying Basin
15-Dec-25

04-Apr-25, Metals
07-Mar-25

04-Apr-25
30-Jun-25, Associated General Items

11-Apr-25, Conveying Systems
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E9914A Tow Haulage Sytem Equipment 1760h 22-Apr-24 07-Mar-25 E050001A05
E99A02 Tow Haulage Installation 200h 10-Mar-25 11-Apr-25 E9914A, E63030

Special CoSpecial Construction 320h 05-May-25 30-Jun-25
E99A01 Special Construction - Control Structures 320h 05-May-25 30-Jun-25 E9905A

MetalsMetals 640h 09-Jan-25 02-May-25
E990504 Guard and Handrails 320h 10-Mar-25 02-May-25 E630301E
E990505 Stairways and Ladders 320h 09-Jan-25 07-Mar-25 E630301E
E9905A Misc Metals 640h 09-Jan-25 02-May-25 E630301E
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EXECUTIVE SUMMARY 

The purpose of this report is to provide a detailed discussion and evaluation of the risks involved 
with the modernization of Emsworth Lock and Dam.  The design involves removing the existing 
56’x360’ river chamber and replacing with a new 110’x600’ chamber.  An MCACES estimate 
was created to estimate the cost and schedule for the recommended plan, and this Cost and 
Schedule Risk Analysis report (CSRA) is used to assign contingency to the estimate based on the 
specific features of the estimate which contain risk.  The Upper Ohio Study is currently at a 
feasibility level design with an anticipated 2015 authorization.  For more information on the 
study outside of the CSRA, please see the Upper Ohio Navigation Study Feasibility Report. 
 
For the Emsworth Lock and Dam Modernization Project, the most likely project base cost at 1 
October 2014 price level, without contingency or inflation is approximately $576 Million, 
including $457 Million in construction, $63 Thousand in Fish and Wildlife Facilities, $175 
Thousand in Cultural Resource Preservations, $72 Million in Planning, Engineering and Design, 
and $46 Million in Construction Management.  The CSRA results in a recommended 
contingency value of $162 Million or 28% of the base cost.  The recommended contingency 
equates to an approximate 80% confidence of successful project execution and completion. 
 
The full PDT (listed on page 10) conducted a series of brainstorming sessions in January 2010 to 
identify the risks associated with the project with guidance from a representative from Walla 
Walla’s Mandatory Center of Expertise (MCX) for Cost Engineering for Civil Works, Glenn 
Matlock.  In February 2011, April 2012, and July 2014, the PDT met again to revisit the risk 
register and update it based on the knowledge gained since the original was create.  The expert 
judgment of the estimator and the risk analyst also helped to identify and define the risks.  The 
Cost Engineer performed the risk analysis using the Monte Carlo technique, producing the 
aforementioned contingencies and identifying key risk drivers. 
 
Cost estimates fluctuate over time.  During this period of study, minor cost fluctuations can and 
have occurred.  For this reason, contingency reporting is based in cost and per cent values.  
Should cost vary to a slight degree with similar scope and risks, contingency per cent values will 
be reported and cost values rounded. 
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The following table ES-1 portrays the development of contingencies for the project. 
 

TABLE ES-1. Contingency Development Summary 

 
Note:  Contingency does not include risks associated with waiting for funding.  Schedule contingency can be considered relevant 
based on the start date of the project.  
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KEY PROJECT & RISK ASSUMPTIONS 
 

1. Funding Risks which drive the breaking up of contracts is not included in the risk model.  
Funding delaying contract award, funding “caps” reducing contractor productivity, funding 
faltering or ending during construction are considered in the risk model.  For more 
information, please see Section 5 “Key Assumptions” and Section 7.3 “Funding Constraint 
Discussions.” 

2. Concurrent Design and Construction for all three projects is assumed.  It is also assumed 
that funding will be available to support this.  However, the risk model addresses the risks 
associated with staggering the projects. 

3. Major Scope Changes, such as changes to the lock dimensions or the addition of a land 
chamber are considered beyond the scope of this analysis, and therefore no contingencies 
are included. 

4. Major Lock Failure prior to construction starts is considered outside of the scope of this 
project.  Additionally, costs associated with any repairs to the land chamber during 
construction are also assumed to be outside of the scope of this project.  The impacts 
associated with an accelerated acquisition method (e.g. Design-Build) which could be the 
result of a lock failure are included in the risk model.  Additionally, lock failure of the river 
chamber during construction that is within the scope of the contractor to fix, as well as cost 
and schedule impacts associated with inability to use the land chamber due to a land 
chamber failure are included in the risk model. 

 
KEY FINDINGS/OBSERVATIONS 

 
The key COST risks drivers identified through the sensitivity analysis are: 
 

1. CA-2 (Bid Competition & Contractor/Construction Resource Availability) – It is 
currently assumed that all three projects (Emsworth, Dashields and Montgomery) will be 
built concurrently.  This poses the risk that there will not be enough qualified contractors to 
provide adequate bid completion. 

2. EST-3 (Estimate and Schedule Level of Detail) – In general, the PDT feels that the 
current estimate is conservative in its assumptions, and therefore has the potential to be 
more than what the actual costs will be.  Furthermore, due to the complexity of this project, 
and consequently the estimate, assumptions or minor errors made in the estimate can 
potentially result in fluctuations of millions of dollars. 

3. TL-1 (General Design Level) – The project is currently in the feasibility study stage.  
Therefore, the design details are at a preliminary level.  Costs may increase or decrease as 
costs are defined and as unforeseen changes occur. 

4. PR-8 (Funding Stream Falters or Ends During Construction) – This risk represents the 
cost of having to suspend or terminate the contractor for convenience due to inadequate 
funding.  Potential risks include: Termination for convenience, demobilization and 
remobilization, claims, inefficiencies, lost of bonding capacity to bid other jobs, loss of 
skilled labor, and loss of learning curve.  Funding assumptions are discussed further in 
section 7.3 of this report. 

5. CON-1 (Mods & Claims) – Contract modifications occur on all projects and have had 
significant cost and schedule impacts on similar projects in the past. 
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6. CA-1 (Undefined Acquisition Plan) – Currently, the district has not finalized the 
acquisitions strategy for this project.  The Project Development Team (PDT) is assuming 
that Sealed Bid (Invitation for Bid) will be used, but believes there is a chance that Request 
for Proposal: Best Value Trade-Off could be used.  The PDT feels that the only reason that 
a trade-off strategy would be used is to add value, such as faster construction or a more 
experienced and qualified contractor.  The PDT feels that, at most, an additional 5% to 
10% “premium” would be paid to add value or save time for this project. 

7. TL-4 (Design Criteria Changes) – Due to the potential long duration of waiting for 
funding, there is a risk that design criteria and code changes will drive design creep over 
time, resulting cost and schedule impacts. 

 
The key PRE-CONSTRUCTION SCHEDULE risks drivers identified through the sensitivity 
analysis are: 
 
1. PR-6 (Funding Delays Contract Award) – This risk evaluates the delays to the contract 

award date due to funding delays.  Delays to starting the construction contract result in higher 
"maintenance" costs associated with keeping project ready to advertise and keeping designs 
and permits ready.  Delays to start also increase likelihood of other risk events occurring. 

 
The key DURING CONSTRUCTION SCHEDULE risks drivers identified through the 
sensitivity analysis are: 
 

1. EST-4 (Shift Assumptions) – Shift and overtime assumptions greatly impact the duration 
of construction. 

2. CON-3 (Contractor Efficiency) – The contractor may be either more or less efficient that 
the government estimate. 

3. EST-4 (Estimate and Schedule Level of Detail) – Similar to the cost risk, the complexity 
of this project and consequently the schedule allows assumptions or minor errors made in 
the schedule to translate into fluctuations of several months in the schedule. 

4. EST-5 (Productivity Assumptions) – Productivity assumptions in Estimate & Schedule 
may have significant impacts when compared to what Contractors will assume. 

5. PPM-1 (Scope Changes Post-Authorization) – Changes to project scope (within the 
authorized scope) could potentially impact cost and schedule. 

6. PR-8 (Funding “Caps” Constrain Contractor Productivity) – Limits on the amount of 
funding available per fiscal year may limit contractor productivity or drive staggering of 
construction contracts. 

 
For more information on the other researched items, please see the Cost and Schedule Risk 
Model Risk Register (Appendix D-1). 
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RECOMMENDATIONS 
 
Recommendations, as detailed within the Site Specific Engineering Appendix, include the 
implementation of contingencies, further iterative study of risks throughout the project life-cycle, 
potential mitigation throughout the PED phase, and proactive monitoring and control of risks 
identified in the study. 
 
It is recommended that the high-risk items be observed very carefully and all actions be taken to 
reduce the likelihood and impacts of these risks.  Most importantly, the highest risk items of the 
Funding Availability and Acquisitions Plan Uncertainty should be taken very seriously.  Not 
only are these risks independently high, they also are key drivers in other risks.  Below are a few 
key highlights: 
 

• The PDT has thoroughly discussed how to represent funding constraints in this study.  The 
baseline MCACES estimate and schedule are based on a “capability” assumption of 
concurrent PED and construction for all three projects, which is considered the most efficient 
use of funding.  The PDT realizes that this is unrealistic based on funding constraints, and 
that the projects would likely have to be staggered and will not receive funding for many 
years.  Therefore, the risk-based contingency presented includes funding risks associated 
with funding delaying contract award; funding driving the staggering of the three contracts; 
funding “caps” constraining the contractor productivity, and funding stream faltering or 
ending during construction.  With this in mind, the risk-based contingency DOES NOT 
INCLUDE IMPACTS DUE TO FUNDING BREAKING UP CONTRACTS.  Incremental 
funding, the inability to use the Continuing Contracts Clause and/or the inability to fund a 
base contract with awardable options may drive breaking up the contracts.  Breaking up 
contracts causes significant cost and schedule impacts due to the added costs of contractor 
overheads and construction management due to the extension of the in-construction duration.  
The IMTS CPBM states, "The Corps seeks to start new construction only when it is 
reasonably sure that funding can be provided to enable efficient construction and completion. 
The Corps and the Board, through the new IMTS capital projects business model, will 
recommend new construction starts only when the program can afford to effectively and 
efficiently fund the project."  The findings of this CSRA report fully support the idea that if 
funding cannot support concurrent construction, staggering the three contracts but keeping 
them intact is substantially more cost-effective.  Additionally, waiting to fund single 
contracts is significantly more economical than incrementally funding small projects.  This is 
under the assumption that WRDA 902 (1986) will account for changes to start dates, 
including differing start dates for each of the three locks.  The PDT has included risks within 
the analysis which consider impacts associated with delaying contract award, such as 
additional USACE labor costs associated with maintaining designs and permits and 
unforeseen or uncaptured inflation over what would be covered by WRDA 902.  
 

The following table and chart show the relationship of confidence level versus project cost.  
Table ES-2 highlights the 50, 80 and 95 percent confidence levels which correlate to the 
contingency values provided.  The “Project Cost Contingency Analysis” graph shows how the 
project cost escalates with Confidence Level.  The 80% Confidence Level correlates to a Project 
Cost of $737 Million. 
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TABLE ES-2. Contingency Analysis Table 

Risk Analysis 
Forecast Base Estimate Total Contingency1 

($) 
Total Contingency 

(%) 
50 % Confidence Level 

Total Project Cost $575,891,340 $88,734,983 15% 

80% Confidence Level 
Total Project Cost $575,891,340 $161,598,000 28% 

95% Confidence Level 
Total Project Cost $575,891,340 $216,420,000 38% 
Note: These figures combine uncertainty in the baseline cost estimate and schedule (in terms of “Hotel” costs only).    
Contingency does not include risks associated with waiting for funding. 
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1. PURPOSE 
 
The objective of this report is to evaluate the risks associated with the modernization of the 
Emsworth Lock and Dam.  Emsworth is one of three locks within the Upper Ohio Navigation 
Study. 
 
The purpose for this Cost and Schedule Risk Analysis (CSRA) is to briefly present discussion of 
the studied elements related to cost and schedule with an outcome contingency calculation at the 
recommended confidence level for both cost and schedule that are measured in terms of dollars 
and months, respectively.  The most common and recommended contingency has been 
established at 80 percent confidence of the final cost. 
 
 
2. BACKGROUND 
 
The proposed reinvestment in the Upper Ohio navigation system was evaluated according to the 
general guidance for the economic evaluation of navigation projects outlined in Engineer 
Regulation (ER) 1105-2-100 dated 22 April 2000.  The upper Ohio infrastructure is defined as 
Emsworth, Dashields and Montgomery (EDM) locks and dams.  They are the oldest and smallest 
lock projects on the Ohio River, having been built prior to World War II.  Two major problems 
associated with EDM are deteriorated structural condition leading to reduced service reliability, 
and insufficient auxiliary lock capacity when the main lock chamber is closed for maintenance or 
repair.  
 
A total of twelve plans representing different combinations of maintenance and new lock 
construction were formulated, assessed, and screened.  This assessment resulted in selection of 
the plan, designated as the Preferred Navigation Plan that would provide a new 600’ x 110’ river 
chamber at the beginning of the planning period and reactive maintenance of the existing 600’ x 
110’ land chamber. 
 
 
3. REPORT SCOPE 
 
The scope of the risk analysis report is to calculate and present the cost and schedule 
contingencies at the 80 percent confidence level using the risk analysis processes as mandated by 
U.S. Army Corps of Engineers (USACE) Engineer Regulation (ER) 1110-2-1150, Engineering 
and Design for Civil Works, ER 1110-2-1302, Civil Works Cost Engineering, and Engineer 
Technical Letter 1110-2-573, Construction Cost Estimating Guide for Civil Works.  The report 
presents the contingency results for both cost and schedule risks for all project features.  The 
study and presentation excludes consideration for operation and maintenance or life cycle costs. 
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3.1 Project Scope 
 
The report includes the project technical scope, estimates, and schedules as developed and 
presented by the District Cost Engineer of record.  Consequently, these documents serve as the 
basis for the risk analysis.  In general terms, the construction scope consists of the following: 

• Demolition of Existing 56’ x 360’ river chamber 
• Modification of Existing 110’ x 600’ land chamber’s filling and emptying system, which 

currently runs below the existing river chamber 
• Construction of a new middle wall and new river wall using cofferbox construction. 
• Construction of a cofferdam tied to new middle and river walls 
• Dewater the new river chamber 
• Demolish portion of existing fixed crest dam to accommodate new river wall 
• Construct new filling and emptying system for river chamber 
• Tie new river wall into existing fixed crest dam 
• Remove cofferdams 
• Construct new guard walls 

 
 

3.2 USACE Risk Analysis Process 
 
The risk analysis process follows the USACE Headquarters requirements as well as the guidance 
provided by the Cost Engineering Mandatory Center of Expertise (MCX) for Civil Works Cost 
Engineering.  The risk analysis process reflected within the risk analysis report uses probabilistic 
cost and schedule risk analysis methods within the framework of the Crystal Ball software.  The 
risk analysis results are intended to serve several functions, one being the establishment of 
reasonable contingencies reflective of an 80 percent confidence level to successfully accomplish 
the project work within that established contingency amount.  Furthermore, the scope of the 
report includes the identification and communication of important steps, logic, key assumptions, 
limitations, and decisions to help ensure that risk analysis results can be appropriately 
interpreted. 
 
Risk analysis results are also intended to provide project leadership with contingency 
information for scheduling, budgeting, and project control purposes, as well as provide tools to 
support decision making and risk management as the project progresses through planning and 
implementation.  To fully recognize its benefits, cost and schedule risk analyses should be 
considered as an ongoing process conducted concurrent to, and iteratively with, other important 
project processes such as scope and execution plan development, resource planning, procurement 
planning, cost estimating, budgeting, and scheduling. 
 
In addition to broadly defined risk analysis standards and recommended practices, the risk 
analysis is performed to meet the requirements and recommendations of the following 
documents and sources: 
 

• ER 1110-2-1150, Engineering and Design for Civil Works Projects. 
• ER 1110-2-1302, Civil Works Cost Engineering. 
• ETL 1110-2-573, Construction Cost Estimating Guide for Civil Works. 
• Cost and Schedule Risk Analysis Guidance prepared by the USACE Cost Engineering MCX. 
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4. METHODOLOGY/PROCESS 
 
The CSRA is based on the Emsworth Feasibility Estimate and Project/Construction Schedule 
created by Pittsburgh District.  The ATR was completed in March, 2011 by Don Whitmore, 
LRH. 
 
The formal brainstorming session for the CSRA took place in Pittsburgh District’s Office on 
January 13th & 14th, 2010.  The risk register was created and was updated and revised by the 
PDT on February 7th, 2011.  The formal risk analysis using Crystal Ball was conducted in 
February and March of 2011.  The Risk Analysis was updated in June 2012 and again in July 
2014.  The PDT members involved in the Risk Analysis study are: 
 
Kevin Logan, LRP – PDT Project Manager 
Dave Heidish, LRP – PDT Project Manager 
Jeff Benedict, LRP – PDT Planning 
Donna Dooen, LRP – PDT Contracting 
Conrad Weiser, LRP – PDT Environmental 
Bill Frechione, LRP – PDT Economist 
Charles Stevenson, LRP – PDT Chief, Navigation 
Mark Jones, LRP – Engr Chief, Dam Safety Officer 
Robert Burstynowicz, LRP – PDT ETL 
Frank Morone, LRP – PDT Structural Engineer 
James Shibata, LRP – PDT Constr & Geotech Enr 
Jessica Corton, LRP – PDT Geotechnical Engineer 
Joe Elwell, LRP – PTD Chief, Construction

John Pontus, LRP – PDT Construction 
Paula Boren, LRP – PDT Technical Design Chief 
Dave Buccini, LRP – PDT Mechanical Engineer 
John Nites, LRP – PDT Electrical Engineer 
Ron Gadomski, LRP – PDT Electrical Engineer 
Tom Andre, LRP – PDT Cost Engineer 
Craig Carney, LRP – PDT Cost Engineer 
Sean Weston, LRP – PDT Cost Engineer 
Mark Zaitsoff, LRP – PDT Chief, H&H 
Jim Kelly, LRP – PDT Realty Specialist 
Don Whitmore, LRH – Cost ATR 
James Neubauer, NWW – Cost MCX, ATR 
Glenn Matlock, NWW – MCX, Facilitator

 
The risk analysis process for this study is intended to determine the probability of various cost 
outcomes and quantify the required contingency needed in the cost estimate to achieve any 
desired level of cost confidence.  A parallel process is also used to determine the probability of 
various project schedule duration outcomes and quantify the required schedule contingency 
(float) needed in the schedule to achieve any desired level of schedule confidence.  
 
In simple terms, contingency is an amount added to an estimate (cost or schedule) to allow for 
items, conditions, or events for which the occurrence or impact is uncertain and that experience 
suggests will likely result in additional costs being incurred or additional time being required.  
The amount of contingency included in project control plans depends, at least in part, on the 
project leadership’s willingness to accept risk of project overruns.  The less risk that project 
leadership is willing to accept the more contingency should be applied in the project control 
plans.  The risk of overrun is expressed, in a probabilistic context, using confidence levels. 
 
The Cost Engineering MCX guidance for cost and schedule risk analysis generally focuses on 
the 80-percent level of confidence (P80) for cost contingency calculation.  It should be noted that 
use of P80 as a decision criteria is a risk adverse approach (whereas the use of P50 would be a 
risk neutral approach, and use of levels less than 50 percent would be risk seeking).  Thus, a P80 
confidence level results in greater contingency as compared to a P50 confidence level. 
 
The risk analysis process uses Monte Carlo techniques to determine probabilities and 
contingency.  The Monte Carlo techniques are facilitated computationally by a commercially 
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available risk analysis software package (Crystal Ball) that is an add-in to Microsoft Excel.  Cost 
estimates are packaged into an Excel format and used directly for cost risk analysis purposes.  
Because Crystal Ball is an Excel add-in, the schedules for each option are recreated in an Excel 
format from their native format.  The level of detail recreated in the Excel-format schedule is 
sufficient for risk analysis purposes that reflect the established risk register, but generally less 
than that of the native format. 
 
The primary steps, in functional terms, of the risk analysis process are described in the following 
subsections.  Risk analysis results are provided in section 6. 
 
4.1 Identify and Assess Risk Factors 
 
Identifying the risk factors via the PDT are considered a qualitative process that results in 
establishing a risk register that serves as the document for the further study using the Crystal Ball 
risk software.  Risk factors are events and conditions that may influence or drive uncertainty in 
project performance.  They may be inherent characteristics or conditions of the project or 
external influences, events, or conditions such as weather or economic conditions.  Risk factors 
may have either favorable or unfavorable impacts on project cost and schedule. 
 
Checklists or historical databases of common risk factors are sometimes used to facilitate risk 
factor identification.  However, key risk factors are often unique to a project and not readily 
derivable from historical information.  Therefore, input from the entire PDT is obtained using 
creative processes such as brainstorming or other facilitated risk assessment meetings.  In 
practice, a combination of professional judgment from the PDT and empirical data from similar 
projects is desirable and is considered. 
 
 A formal PDT meeting was held on January 13-14th, 2010 for the purposes of identifying and 
assessing risk factors.  The meeting included capable and qualified representatives from multiple 
project team disciplines and functions, for example: 

 
• Project/program managers. 
• Contracting/acquisition. 
• Real Estate. 
• Environmental. 

• Civil, geotechnical, & hydraulic design. 
• Cost and schedule engineers. 
• Construction. 

 
 

The initial formal meeting focused primarily on risk factor identification using brainstorming 
techniques, but also includes some facilitated discussions based on risk factors common to 
projects of similar scope and geographic location.  Subsequent meetings should focus primarily 
on risk factor assessment and quantification. 
 
Additionally, numerous conference calls and informal meetings were conducted throughout the 
risk analysis process on an as-needed basis to further facilitate risk factor identification, market 
analysis, and risk assessment. 
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4.2 Quantify Risk Factor Impacts 
 
The quantitative impacts of risk factors on project plans are analyzed using a combination of 
professional judgment, empirical data, and analytical techniques.  Risk factor impacts are 
quantified using probability distributions (density functions), because risk factors are entered into 
the Crystal Ball software in the form of probability density functions.  
 
Similar to the identification and assessment process, risk factor quantification involves multiple 
project team disciplines and functions.  However, the quantification process relies more 
extensively on collaboration between cost engineering, designers, and risk analysis team 
members with lesser inputs from other functions and disciplines. 
 
The following is an example of the PDT quantifying risk factor impacts by using an iterative, 
consensus-building approach to estimate the elements of each risk factor: 

•     Maximum possible value for the risk factor. 
•     Minimum possible value for the risk factor. 
•     Most likely value (the statistical mode), if applicable. 
•     Nature of the probability density function used to approximate risk uncertainty. 
•     Mathematical correlations between risk factors. 
•     Affected cost estimate and schedule elements. 

 
In this example, the risk discussions focused on the various project features as presented within 
the USACE Civil Works Work Breakdown Structure for cost accounting purposes.  It was 
recognized that the various features carry differing degrees of risk as related to cost, schedule, 
design complexity, and design progress.  The features under study are presented in table 1: 
 
 Table 1.  Work Breakdown Structure by Feature 

01 LANDS AND DAMAGES 
04 DAMS 

05 LOCKS 

06 FISH AND WILDLIFE FACILITIES 

18 CULTURAL RESOURCE PRESERVATIONS 

30 PLANNING, ENGINEERING & DESIGN 

31 CONSTRUCTION MANAGEMENT 
 
The resulting product from the PDT discussions is captured within a risk register as presented in 
section 6 for both cost and schedule risk concerns.  Note that the risk register records the PDT’s 
risk concerns, discussions related to those concerns, and potential impacts to the current cost and 
schedule estimates.  The concerns and discussions are meant to support the team’s decisions 
related to event likelihood, impact, and the resulting risk levels for each risk event. 
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4.3 Analyze Cost Estimate and Schedule Contingency 
 
Contingency is analyzed using the Crystal Ball software, an add-in to the Microsoft Excel format 
of the cost estimate and schedule.  Monte Carlo simulations are performed by applying the risk 
factors (quantified as probability density functions) to the appropriate estimated cost and 
schedule elements identified by the PDT.  Contingencies are calculated by applying only the 
moderate and high level risks identified for each option (i.e., low-level risks are typically not 
considered, but remain within the risk register to serve historical purposes as well as support 
follow-on risk studies as the project and risks evolve). 
 
For the cost estimate, the contingency is calculated as the difference between the P80 cost 
forecast and the base cost estimate.  Each option-specific contingency is then allocated on a civil 
works feature level based on the dollar-weighted relative risk of each feature as quantified by 
Monte Carlo simulation.  Standard deviation is used as the feature-specific measure of risk for 
contingency allocation purposes.  This approach results in a relatively larger portion of all the 
project feature cost contingency being allocated to features with relatively higher estimated cost 
uncertainty. 
 
For schedule contingency analysis, the option schedule contingency is calculated as the 
difference between the P80 option duration forecast and the base schedule duration.  These 
contingencies are then used to calculate the time value of money impact of project delays that are 
included in the presentation of total cost contingency in section 6.  The resulting time value of 
money, or added risk escalation, is then added into the contingency amount to reflect the USACE 
standard for presenting the “total project cost” for the fully funded project amount. 
 
Schedule contingency is analyzed only on the basis of each option and not allocated to specific 
tasks.  Based on Cost Engineering MCX guidance, only critical path and near critical path tasks 
are considered to be uncertain for the purposes of contingency analysis. 
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5. KEY ASSUMPTIONS 
 
Many assumptions have been made by the PDT which some have significant impacts.  In 
general, the PDT feels that designs, quantities, the baseline estimate are all conservative, but that 
the assumptions regarding the project plan of designing and constructing all three locks at once 
under either one or three contracts is unrealistic given funding constraints.  It is believed that the 
conservative designs, quantities and estimate would help mitigate risks, and allow the PDT room 
to improve during Planning, Engineering and Design.  However, the aggressive assumptions of 
the schedule and funding availabilities are a substantial driver in the contingency.  Below is a 
summary of major risk-related assumptions: 
 

• The most critical assumption in regards to risk is the availability of project funding.  This 
is due to major uncertainties with federal funding, including the Inland Waterways Trust 
Fund.  Funding is the primary driver for acquisition strategy and the basis for the 
schedule.  The current assumption is that funding will be available to fully fund all three 
projects for concurrent design and construction.  This drives the estimate assumptions in 
regards to acquisition strategies and design dollars, and it has a critical impact on the 
assumed schedule.  Assuming no funding issues, the schedule represents that all three 
locations will be designed concurrently in two years, and constructed concurrently in six 
years.  However, based on the Capital Business Model, as well as other known funding 
constraints, such as other projects, it is possible that funding will not be available until as 
late as 2027. These schedule assumptions also correlate to many other significant 
assumptions such as the Total Project Cost calculation, and it underestimates the 
likelihood of experiencing random time-related risks such as high inflation periods, 
regulation changes, abnormal weather events, lock failure, and likely many other 
unknown issues.  The risk analysis captures the risks associated with waiting for funding 
and the associated time-sensitive risks. 
 

• Risks associated with funding “caps” in which the project may be delayed during 
construction due to inability to support 100% of the construction activities in that year, as 
well as risks associated with inflation above what would be covered under the WRDA 
902 are included in this analysis. 
 

• The PDT feels WRDA will cover the differences in costs from inflation due to delays to 
the start dates.  This is also true in the scenario of the three separate lock projects being 
staggered in that each project will be appropriated funding based on the year it starts, and 
that the CSRA covers risks of differing durations once it starts. Each project will receive 
a separate appropriation based on the start date.  For instance, if Dashields starts 6 years 
after Emsworth, WRDA 902 will adjust for the inflation in that time.  Risks associated 
with inflations on commodities above the WRDA 902 rate are included in this analysis. 
 

• The current acquisition strategy, as mentioned above, is that all three projects will be 
designed and constructed concurrently.  Known unknowns regarding the acquisition 
strategy include the method of bids and the number of contracts.  Risks associated with 
splitting each project into multiple contracts due to funding ARE NOT included in this 
study. 
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• One important issue that drives the assumptions made is the design stage.  The estimate is 

based on a Feasibility Level Design which includes many assumptions of technical 
design aspects, quantities, production rates and durations.  Although they have significant 
impacts, all of these assumptions made have engineering expertise included and are 
designed to the best ability possible for this stage of the study.  Significant design 
assumptions include: 

i. New river chamber filling and emptying system 
ii. Method of construction (cofferbox versus cofferdam) 

iii. Size and design of guard walls 
iv. Design assumptions and quantities 
v. Production Rates 

vi. Hours worked per week (40) 
 

• Major scope changes, such as the lock sizes or the addition of the land chamber 
remediation is outside the scope of this study.  The assumption is that any significant 
scope changes would push the project back to feasibility level design, requiring a new 
designs, estimates, schedules, CSRA’s and Total Project Cost Estimates. 

 
• Lock failure and its impact on the project was a major discussion for the PDT.  

Discussions included impacts associated with failure of the river and/or the land chamber 
prior to and during construction.  A failure of either the river or land chamber prior to 
construction would potentially lead to expedited funding, design and construction, and 
could have significant scope changes.  Failure of either the river or land chamber during 
construction would likely impact the contractor, leading to modification and claims.  
Based on the discussions, the PDT decided to remove risks which were determined to fall 
outside of the scope of works.  The PDT decided to only evaluate the risks of lock 
failures which would be within the scope of the project or potentially impact the 
contractor.  This includes: 

i. The additional costs associated with an expedited acquisition method (e.g. design-
build) due to lock failure prior to construction. 

ii. Lock failure of the land chamber during river chamber construction which prevents 
the contractor from moving between the upstream and downstream pools. 

iii. Lock failure of the middle wall during dewatered construction of the new river 
chamber. This would decommission the functioning land chamber, and likely do 
significant damage to any work done in the new river chamber, destroy contractor 
equipment, and require a substantial remediation just to get the land chamber 
functioning again. 

Impacts that were determined to be outside of the scope of this project and risk analysis 
include: 

i. Repair costs associated with returning operation to the river or land chamber prior 
to construction. 

ii. Repair costs associated with returning the land chamber to operation during 
construction of the river chamber. 
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• It is assumed that all aspects of work fit within the Feature Codes 01-Lands and 
Damages, 04-Dams, 30-Planning, Engineering and Design and 31-Construction 
Management. 

 
• Another substantial assumption that was made which affects the results of the CSRA are 

the boundaries of the impacts to cost and schedule.  Based on the guidance from the Cost 
Mandatory Center of Expertise (MCX) in Walla Walla District, the following limits were 
defined in reference to the Screening Level Estimate of approximately $500 Million 
(rounded for simplicity) and Full Project Schedule of approximately 72 Months: 

 
 
 
 
 
 
 
Some things to note that were addressed in the risk study, but were determined to be unnecessary 
to pursue are any sunk or expended costs, and life cycle / operation / maintenance costs (will not 
change based on the current design). 

 COSTS SCHEDULE 
Negligible $0 - $2.5 Million 0 – 6 Months 
Significant $2.5 - $5 Million 6 – 12 Months 
Critical $10 - $50 Million 12 – 24 Months 
Crisis > $50 Million > 24 Months 
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6. RISK ANALYSIS RESULTS 
 

TABLE 2. Contingency Development Summary 

 
Note:  Contingency includes the no risk associated with waiting for funding.  Schedule contingency can be 
considered relevant based on the start date of funding. 

 
6.1 Risk Register 
 
A risk register is a tool commonly used in project planning and risk analysis and serves as the 
basis for the risk studies and Crystal Ball risk models.  A summary risk register that includes 
typical risk events studied (high and moderate levels) is presented in table below.  The risk 
register reflects the results of risk factor identification and assessment, risk factor quantification, 
and contingency analysis.  A more detailed risk register is provided in Appendix D-1.  The 
detailed risk registers of Appendix D-1 includes low level and unrated risks, as well as additional 
information regarding the specific nature and impacts of each risk. 
It is important to note that a risk register can be an effective tool for managing identified risks 
throughout the project life cycle.  As such, it is generally recommended that risk registers be 
updated as the designs, cost estimates, and schedule are further refined, especially on large 
projects with extended schedules.  Recommended uses of the risk register going forward include: 
 

• Documenting risk mitigation strategies being pursued in response to the identified risks and 
their assessment in terms of probability and impact. 

• Providing project sponsors, stakeholders, and leadership/management with a documented 
framework from which risk status can be reported in the context of project controls.  

• Communicating risk management issues. 
• Providing a mechanism for eliciting risk analysis feedback and project control input. 
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• Identifying risk transfer, elimination, or mitigation actions required for implementation of risk 
management plans.  

 
Correlations are important to understand the logic used in the risk analyses. In simple terms, a 
correlation is a dependency that exists between two risks and may be direct or indirect.  An 
indirect correlation is one in which large values of one risk are associated with small values of 
the other.  Indirect correlations have correlation coefficients between 0 and -1.  A direct 
correlation is one in which large values of one risk are associated with large values of the other.  
Direct correlations have correlation coefficients between 0 and 1. 
Notable correlations in this CSRA are: 

 
• Funding Delays Contract Award and: 

a. Scope Changes Post-Authorization 
b. Adequate Staffing 
c. Internal Regulation Changes 
d. Accelerated PED Schedule 
e. Unexpected Escalation on Key Materials 
f. Unexpected Escalation on Fuel 
g. Unexpected Escalation on Labor 

 
• Undefined Acquisition Plan and: 

a. Bid Competition 
b. Design-Build 
c. Bid Protest 
d. Mods & Claims 
e. Contractor Efficiency 
f. Innovative Contractor 

 
• Bid Competition and: 

a. Design-Build 
b. Contractor Efficiency 

 
• Availability of Land and: 

a. HTRW Phase II Studies 
b. Alternative Disposal 

 
6.2 Cost Risk Analysis - Cost Contingency Results 
 
Table 3 provides the construction cost contingencies calculated for the P80 confidence level and 
rounded to the nearest thousand.  The construction cost contingencies for the P50 and P100 
confidence levels are also provided for the illustrative purposes. 
 
Cost contingency was quantified as approximately $162 Million at the P80 confidence level 
(about 28% of the baseline cost estimate).  For comparison, the cost contingency at the P50 and 
P95 confidence levels was quantified as 15% and 38% of the baseline cost estimate, respectively. 
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Table 3. Total Project Cost Contingency Summary 
Risk Analysis 

Forecast Base Estimate Total Contingency1 
($) 

Total Contingency 
(%) 

50 % Confidence Level 
Total Project Cost $575,891,340 $88,734,983 15% 

80% Confidence Level 
Total Project Cost $575,891,340 $161,598,000 28% 

95% Confidence Level 
Total Project Cost $575,891,340 $216,420,000 38% 
Note: These figures combine uncertainty in the baseline cost estimate and schedule (in terms of “Hotel” costs only).    
Contingency does not include risks associated with funding constraints. 
 
6.3 Schedule Risk Analysis – Pre-Construction Schedule Contingency Results 
 
Table 4 provides the schedule duration contingencies associated with the pre-award risks 
calculated for the P80 confidence level.  The schedule duration contingencies for the P50 and 
P100 confidence levels are also provided for the illustrative purposes. 
 
The pre-award schedule duration contingency was quantified as 111 months based on the P80 
level of confidence.  Pre-award schedule contingencies were NOT used to calculated cost 
contingencies, as opposed to what is done with the post-award schedule contingencies.  Instead, 
any pre-award cost impacts were calculated within the cost risks analysis model.  The schedule 
contingencies were calculated by applying the high level schedule risks identified in the risk 
register for each option to the durations of critical path and near critical path tasks.  Due to the 
linear nature of the schedule, most of the contingencies can be directly applied without need for 
emphasis on overlapping construction features.  The schedule contingency has been adjusted for 
anytime overlapping features were found. 
 
Table 4. Pre-Award Schedule Duration Contingency Summary 

Risk Analysis 
Forecast Base Schedule Contingency1 

(Months  -  Dollars) 
Cost  

Contingency (%) 
50 % Confidence Level 
Total Project Duration 65 885 $8M 1.4% 

80% Confidence Level 
Total Project Duration 65 111 $10M* 1.8% 

95% Confidence Level 
Total Project Duration 65 131 $12M 2% 
Note: The schedule was not resource loaded and contained open-ended tasks and non-zero lags (gaps in the logic between tasks) that limit the 
overall utility of the schedule risk analysis. These issues should be considered as limitations in the utility of the schedule contingency data 
presented in Table 3. 
 
 
6.4 Schedule Risk Analysis – Construction Schedule Contingency Results 
 
Table 5 provides the schedule duration contingencies associated with the pre-award risks 
calculated for the P80 confidence level.  The schedule duration contingencies for the P50 and 
P100 confidence levels are also provided for the illustrative purposes. 
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The post-award schedule duration contingency was quantified as 29 months based on the P80 
level of confidence.  These contingencies were used to calculate the projected “Hotel” cost 
impact of project delays that are included in the Tables 1 and 2 presentation of the total cost 
contingency.  The schedule contingencies were calculated by applying the high level schedule 
risks identified in the risk register for each option to the durations of critical path and near 
critical path tasks.  Due to the linear nature of the schedule, most of the contingencies can be 
directly applied without need for emphasis on overlapping construction features.  The schedule 
contingency has been adjusted for anytime overlapping features were found. 
 
Table 5. Post-Award Schedule Duration Contingency Summary 

Risk Analysis 
Forecast Base Schedule Contingency1 

(Months  -  Dollars) 
Cost  

Contingency (%) 
50 % Confidence Level 
Total Project Duration 84 17 $51M 9% 

80% Confidence Level 
Total Project Duration 84 29 $76M 13% 

95% Confidence Level 
Total Project Duration 84 38 $96M 17% 
Note: The schedule was not resource loaded and contained open-ended tasks and non-zero lags (gaps in the logic between tasks) that limit the 
overall utility of the schedule risk analysis. These issues should be considered as limitations in the utility of the schedule contingency data 
presented in Table 3. 
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7. MAJOR FINDINGS/OBSERVATIONS & MITIGATION RECOMMENDATIONS 
 
Risk Management is an all-encompassing, iterative, and life-cycle process of project 
management. The Project Management Institute’s (PMI) A Guide to the Project Management 
Body of Knowledge (PMBOK® Guide), 4th edition, states that “project risk management 
includes the processes concerned with conducting risk management planning, identification, 
analysis, responses, and monitoring and control on a project.” 
 
Risk identification and analysis are processes within the knowledge area of risk management. Its 
outputs pertinent to this effort include the risk register, risk quantification (risk analysis model), 
contingency report, and the sensitivity analysis. The intended use of these outputs is 
implementation by the project leadership with respect to risk responses (such as mitigation) and 
risk monitoring and control. In short, the effectiveness of the project risk management effort 
requires that the proactive management of risks not conclude with the study completed in this 
report. 
 
This section provides a list of recommendations for continued management of the risks identified 
and analyzed in this study. Whereas the developed contingency, itself, is a response to the 
potential for these risks, these risks warrant consideration of other potential responses and 
proactive monitoring and control. Note that this list is not all-inclusive. 
 
7.1 Key Cost Contingency Drivers & Recommendations for Mitigation 
 
Of the 28% cost contingency discussed, approximately 13%is directly related to “cost risks” 
captured in the cost model.  The key cost risks drivers identified through the sensitivity analysis 
are described below.  For more information on the other researched risk items, and how these 
risks were evaluated, please see the Model Risk Register (Appendix D-2). 
 

a. Bid Competition & Contractor/Construction Resource Availability:  This risk represents 
approximately 19% of the cost risk sensitivity.  This event captures the impacts associated 
with bid competition and contractor/construction resource availability impacting the 
contract price. 
 
Low Assumption:  Low assumes a 5% reduction in contract cost due to strong bid 
competition. 
 
High Assumption:  High assumes a 10% increase in contract cost due to poor bid 
competition or the potential for the necessity to use more subcontractors due to inadequate 
labor, equipment or materials to support the base assumption of concurrent construction. 
 
Recommended Mitigation:  It is recommended that contracting do thorough market 
research prior to advertisement of these contracts.  It is likely that staggering the contracts 
would be beneficial to prevent a limited contract pool being strained to meet the work 
demand of all three projects concurrently. 
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b. Est/Sched Level of Detail:  This risk represents approximately 18% of the cost risk 
sensitivity.  This event captures the impacts associated with omissions, mistakes or 
conservative assumptions within the estimate and schedule due to the current level of detail 
at feasibility level. 
 
Low Assumption:  Low assumes conservative assumptions in the estimate account for the 
costs being 15% high as a general factor. 
 
High Assumption:  High assumes incorrect assumptions and unexpected misses in the 
estimate account for the cost being 5% low. 
 
Recommended Mitigation:  This is an inherit risk at this point in time.  The estimate and 
schedule should become more accurate as the designs progress, reducing the magnitude of 
this risk.  The estimator and PDT feel that the estimates are most likely conservative at this 
point in time. 
 

c. General Design Level:  This risk represents approximately 13% of the cost risk sensitivity.  
This event captures the impacts associated with unforeseen design “creep” or reductions as 
designs are progressed from feasibility level to 100% design. 
 
Low Assumption:  Low assumes a 5% overall decrease to the construction cost based on 
better defining items which were conservatively designed during feasibility.  There are few 
specifics known right now as to what can be reduced, but overall, designs are assumed to 
be conservative. 
 
High Assumption:  High assumes a 7% overall increase to the construction cost due to 
design creep due to known and unknown potential design changes as details are pursued. 
 
Recommended Mitigation:  This is an inherit risk at this point in time.  The designs and the 
estimate and schedule should become more accurate as the designs progress, reducing the 
magnitude of this risk.  The estimator and PDT feel that the designs are most likely 
conservative at this point in time, but unforeseen design creep should also be expected as 
detailed designs are developed. 
 

d. Funding Stream Falters or Ends During Construction:  This risk represents approximately 
10% of the cost risk sensitivity.  This event captures the impacts associated with the 
funding stream either faltering or ending during construction, causing delays, claims and 
potentially contract termination. 
 
Low Assumption:  No change from the baseline estimate. 
 
High Assumption:  High assumes a percentage increase from the contract estimate, plus 
demobilization and remobilization cost if the contractor is forced to demobilize due to 
funding faltering or ending during construction. 
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Recommended Mitigation:  Ensuring adequate funding is imperative to successfully 
completing the contracts.  The PDT needs to relay the impacts associated with funding not 
matching construction needs.  Additionally, staggering the contracts may mitigate this risk. 
 

e. Mods & Claims:  This risk represents approximately 8% of the cost risk sensitivity.  This 
event captures the impacts associated with modifications and claims during construction. 
 
Low Assumption:  Low assumes no change from the baseline estimate. 
 
High Assumption:  High assumes a 7% increase to the Construction Cost. 
 
Recommended Mitigation:  This is an inherit risk on all projects.  Accurate designs and 
appropriately staffed construction management may help mitigate this risk. 
 

f. Undefined Acquisition Plan:  This risk represents approximately 6% of the cost risk 
sensitivity.  This event captures the impacts associated with changes to the acquisition 
methods. 
 
Low Assumption:  Low assumes minor change from the baseline estimate.  The current 
estimate is based on the assumption that the project will be fully funded, and all three locks 
will be built concurrently (although this is highly unlikely).  There is some possibility with 
reduction of costs if the acquisition strategy leads to something like RFP which drives the 
contractor to have input on the designs and build efficiently.  This is unlikely scenario, 
however.  With this in mind, the low assumes a 2% reduction in construction cost, or 
approximately $12M. 
 
High Assumption:  High assumes a 2% increase in contract cost due to a switch to RFP 
Best Value: Tradeoff that results in paying more for what is seen as a better value (shorter 
schedule, etc), plus the additional costs associated with the source selection process.  This 
corresponds to approximately $15M. 
 
Recommended Mitigation:  This is an inherent risk at this time in that the acquisition 
method is always libel to change.  It is recommended that the PDT keeps contracting 
involved throughout the design process and study the benefits associated with other 
contracting methods.  Soliciting information from other districts will also aid in acquisition 
related decisions. 
 

g. Design Criteria Changes:  This risk represents approximately 4% of the cost risk 
sensitivity.  This event captures the impacts associated with changes to codes and 
regulations. 
 
Low Assumption:  Low assumes no change from the baseline estimate.  Regulation and 
code changes are unlikely to reduce costs. 
 
High Assumption:  High assumes a 5% overall increase to the construction cost due to 
design creep due to known and unknown potential design changes as details are pursued. 



 

25 

 
Recommended Mitigation:  This is an inherit risk on all projects.  The impacts of this risk 
will increase with time, so this risk is especially sensitive to delays prior to construction. 

 
7.2 Key Schedule Contingency Drivers 
 

7.2.1 Key Pre-Construction Schedule Contingency Drivers 
 

Pre-award schedule risks are not incorporated into the overall 2% cost risk in the same fashion 
that post-award schedule contingency risks are.  This is because the cost impacts associated 
with pre-award schedule risks are variable based on the timing of the risks, as opposed to post-
award schedule risks that use the calculated “hotel” rate described elsewhere in this report.  
Instead, pre-award schedule risks are calculated using an estimate rate of USACE labor 
associated with Project Management, maintaining designs, updating estimates and maintaining 
permits. 

 
a. Funding Delay Contract Award:  This risk represents approximately 75% of the pre-

award schedule risk sensitivity.  This risk event captures the risks associated with waiting 
for funding to solicit and award the contract. 

 
Low Assumption:  Low assumes no change from the baseline schedule. 
 
High Assumption:  High assumes funding is delayed until the Lower Mon Project begins 
winding down in 2027 and that project start dates of each of the contracts are staggered 5 
years.  Emsworth would start first, then Dashields, then Montgomery. 
 
Recommended Mitigation:  Funding is out of the PDT’s control, but it is important the 
PDT uses tools such as the CSRA to show the impacts of delayed inefficient funding.  
Waiting for efficient funding is substantially more cost effective than starting earlier with 
inefficient funding.  Impacts from waiting for funding are mostly covered by the WRDA 
902 project cost escalation.  However, the longer the project start is delayed, the higher 
the probability of the other time-related risk events have of occurring.  Risk events for 
escalation on fuel, materials and labor, as well as other time-sensitive risks are considered 
elsewhere. 

 
7.2.2 Key Construction Schedule Contingency Drivers 

 
Of the 28% cost contingency discussed, approximately 13% is indirectly related to 
“construction schedule risks” represented as added inflation and hotel costs due to delays.  The 
key schedule risks drivers identified through the sensitivity analysis are presented below.  For 
more information on how these risks were evaluated, please see the Cost and Schedule Risk 
Model (Appendix D-1). 

 
a. Shift Assumptions:  This risk represents approximately 20% of the construction schedule 

risk sensitivity.  This risk event captures the risks associated with shift assumptions in the 
schedule. 
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Low Assumption:  Low assumes changing all work within the schedule to be 5-10's with 
2 shifts cuts 18 months out of the period of performance. 
 
High Assumption:  High assumes no change from the baseline schedule. 
 
Recommended Mitigation:  Soliciting feedback from construction staff on realistic shift 
assumptions will mitigate this risk. 
 

b. Contractor Efficiency:  This risk represents approximately 10% of the construction 
schedule risk sensitivity.  This risk event captures the risks associated with the contractor 
either performing better or worse than what is assumed in the Government schedule. 
 
Low Assumption:  Low assumes a 10% reduction in the construct schedule. 
 
High Assumption:  High assumes a 10% delay to the construction schedule. 
 
Recommended Mitigation:  This is an inherit risk for any project.  Acquisition methods 
such as Best Value LPTA or Tradeoff could help ensure that an experience contractor is 
selected. 
 

c. Est/Sched Level of Detail:  This risk represents approximately 10% of the construction 
schedule risk sensitivity.  This event captures the impacts associated with omissions, 
mistakes or conservative assumptions within the estimate and schedule due to the current 
level of detail at feasibility level. 
 
Low Assumption:  Low assumes a 10% reduction in the period of performance. 
 
High Assumption:  High assumes a 10% increase in the period of performance. 
 
Recommended Mitigation:  This is an inherit risk at this point in time.  The estimate and 
schedule should become more accurate as the designs progress, reducing the magnitude 
of this risk.  The estimator and PDT feel that the estimates are most likely conservative at 
this point in time. 
 

d. Productivity Assumptions:  This risk represents approximately 9% of the construction 
schedule risk sensitivity.  This risk event captures the risks associated with productivity 
assumptions not accurately portraying what will occur in construction. 
 
Low Assumption:  Low assumes a 20% production increase to the top 3 high-impact 
crews result in a schedule savings. 
 
High Assumption:  High assumes a 20% production decrease to the top 3 high-impact 
crews results in a schedule increase. 
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Recommended Mitigation:  This risk will be reduced as the estimate and schedule is 
further developed.  Soliciting feedback from construction staff and data from other 
projects will also mitigate this risk. 
 

e. Scope Changes Post-Authorization:  This risk represents approximately 8% of the 
construction schedule risk sensitivity.  This risk event captures the risks associated with 
scope changes that are considered within the authorized project impacting the cost or 
schedule. 
 
Low Assumption:  No change from the baseline schedule. 
 
High Assumption:  High assumes a 15% delay in the construction schedule. 
 
Recommended Mitigation:  This risk will be reduced as the project progresses through 
the design phase.  It is important that all scope changes be documented to track impacts 
to cost and schedule and communicate that information during the budgeting process. 

 
f. Funding “Caps” Constraint Contractor Productivity:  This risk represents approximately 

7% of the construction schedule risk sensitivity.  This risk event captures the risks 
associated with limits on the amount of funding available per fiscal year limiting 
construction productivity. 
 
Low Assumption:  Low assumes no change from the baseline schedule. 
 
High Assumption:  High assumes that a funding cap of $150M per FY for limits the 
contracts in the peak production years.  Given all the unknowns such as what the cap will 
be, if the $150M cap remains constant while the cost of the project escalates over time, 
when funding will start and what the funding profile will look like based on when a 
contractor plans on doing the various work, a 12 month delay is considered a 
reasonable/conservative high.  If constructed sequentially, current funding profile does 
not any years exceeding $150M, and only roughly 2 years for each project coming close 
to $150M.  This means that if a contractor requires $160M, and funding only can support 
$150M, funds would fall about 6% short, which would delay the project approximately 1 
month. 
 
Recommended Mitigation:  Similar to other funding risks, the PDT relaying the impacts 
associated with this risk will help senior leaders in decision making.  Staggering the 
contracts is imperative in reducing the impacts associated with this risk. 
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7.3 Funding Constraints Discussion 
 
As mentioned throughout this report, funding risk was a major discussion point for the PDT.  
Funding constraints have been thoroughly researched during this study.  This section discusses 
this topic. 
 
When the Risk Register was developed, several funding risk events were identified.  When the 
risk model was created, and these events were further researched, it was found that funding 
constraints were a critical risk to both the project cost and schedule.  Not only were the impacts 
of these risks high, the probability is almost certain, and there correlation between funding and 
other risks was significant.  While researching the likely funding scenario, it was found that 
several key factors drove the funding stream, all of which were fairly uncertain.  These driving 
factors include: 

• The current and future status of the Inland Waterways Trust Fund 
• The availability of Congressional funding 
• The current status of other projects ahead of this project in terms of receiving funding 
• The possibility of other projects currently in the study phase moving ahead of this project 

in the funding list. 
 
While creating the cost and schedule models, assumptions had to be made to project potential 
impacts due to funding.  These assumptions tried to take into account the items listed above to 
try and accurately capture what a likely funding stream would look like.  Constraints in funding 
included both the start date of receiving funding, and the expected amount of funds received 
throughout the project. 
 
While these researching the impacts associated with the various funding risks, it was found that 
they had critical impacts on the contingency, and have significant effects on the other risk events. 
Because the risk model had to cover both short-term risks associated with concurrent 
construction (contractor availability, resource constraints, etc) as well as long-term risks 
associated with the expected long waits for funding and the long construction durations due to 
splitting up the projects into multiple contracts (lock failure, abnormal weather issues, years of 
abnormal inflation, competition with other projects, etc), funding was having a critical impact on 
the contingencies, and making the project appear uneconomical or beneficial.  These 
assumptions were also subject to scrutiny, in that everyone inside and outside the PDT involved 
in the discussions seemed to have a different opinion on funding, and this would likely be the 
case throughout the future reviews.  Ultimately, the PDT determined that inclusion of expected 
funding risks within the contingency development was justified, while funding risks that are both 
avoidable and critically economically unfavorable to the project should be excluded from the 
contingency. 
 
Funding risks which are captured within the contingency include: 
 

a. Funding Delays Contract Award.  Concern: The actual start date is in question based on 
authorization and funding issues.  There are several other priority navigation projects 
competing for resources, priority, and funding.  Additionally, external factors can 
advance funding sooner or remove funding if it impacts prioritization.  Discussion: The 
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PDT has acknowledged great concern over when the actual PED and construction could 
start as scheduled based on funding issues. This could significantly impact schedule and 
indirectly impact costs. There is little chance of starting sooner than base assumption.  
Upper Ohio is may likely be prioritized immediately behind Lower Monongahela, but 
there are ongoing needs and requirements throughout the nation, and other priority 
projects may arise. The WRDA 902 adjustment mitigates the cost “increase” due to 
inflation, so if the 3 contracts stay intact, moving their midpoint of construction (either 
due to delay of funding or staggering the projects) will be mitigated due to the WRDA 
902 adjustment. Since contingency is applied to the “Project First Cost”, which is at a 
constant dollar rate, adding in extra inflation would incorrectly escalate the project first 
cost. There are multiple causes, such as reprioritization of competing projects, lack of 
funding, political factors, etc. that all result in the same impact of delaying contract 
award.  Inflation beyond what is accounted for in the WRDA 902 adjustment is 
considered in events PR-1, PR-2 & PR-3.  The 2010 Inland Marine Transportation 
System Capital Projects Business Model recommended an emphasis on project 
completions rather than starts and recommended reinstating the use of the Continuing 
Contracts Clause or projects with multiple awardable options to allow for efficient 
completion, rather than current practices of incremental funding breaking up contracts.  
This risk event is correlated to many other risks, since the longer the project waits for 
funding, the higher the probability of time-related risks have of occurring.  Funding 
"caps" is considered elsewhere. 
 

b. Funding "Caps" Constrain Contractor Productivity.  Concern: Limits on the amount of 
funding available per fiscal year may limit contractor productivity or drive staggering of 
construction contracts.  Discussion: The baseline estimate and schedule assumes funding 
is available to support efficient concurrent construction of all three projects.  Based on 
current funding conditions, it is likely that the project will be constrained based on the 
projected revenue of the IWTF, and that the construction contracts will have to be 
staggered.  The PDT has been advised that roughly $150M per year may be the limit for 
the entire project. A funding cap of $150M per FY for the entire project would likely 
drive construction of the contracts to be staggered and may also limit the contracts in the 
peak production years (would impact no more than two years per project). Funding 
profile of baseline estimates plus 18-12% contingency indicates that each project would 
not individually exceed $150M in any year (including USACE labor), and only two years 
would be roughly $140M to $150M.  Therefore, funding caps on construction of each 
project individually would have minimal impacts. Additionally, staggering the projects 
has little impact on the project first cost (just move the midpoint of construction) and the 
impacts associated with later construction start (inflation, reg changes, etc) are considered 
in other risk events. 
 

c. Funding Stream Falters or Ends During Construction. Concern: The funding stream 
falters or ends during construction, causing delays, claims and potentially contract 
termination.  Discussion: Based on the likelihood of not being able to fully fund the 
contract, awardable options or continuing contract clause will likely be required.  There 
are potential cost impacts due to this risk that include:  Termination for convenience, 
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demobilization and remobilization, claims, inefficiencies, lost bonding capacity to bid 
other jobs, loss of skilled labor, loss of learning curve. 

 
Funding risks which are NOT captured within the contingency include: 
 

a. Funding Breaking Up Contracts. Concern: Incremental funding or the inability to use the 
Continuing Contracts Clause may result in having to break up the projects into multiple 
contracts.  Discussion: The base assumption is that each of the three lock projects will be 
completed under a single contract and efficiently funded once started.  This would require 
either fully funding the contracts, approving the use of the Continuing Contract Clause or 
using awardable options. If funding comes incrementally, or if the use of the CC clause 
or awardable options is not allowed, each of the three lock contracts may need to be 
broken into multiple contracts.  Breaking up contracts causes significant cost and 
schedule impacts due to the added costs of contractor overheads and construction 
management due to the extension of the in-construction duration.  However, due to the 
uncertainty and potential magnitude of this risk, and based on guidance provided through 
the IMTS Capital Projects Business Model, breaking up contracts is EXCLUDED from 
the contingency.  The IMTS CPBM states,  "The Corps seeks to start new construction 
only when it is reasonably sure that funding can be provided to enable efficient 
construction and completion. The Corps and the Board, through the new IMTS capital 
projects business model, will recommend new construction starts only when the program 
can afford to effectively and efficiently fund the project." 

 
The findings of this CSRA fully support the idea that all efforts should made to minimize the 
amount of time in construction, rather than starting small contracts to “chisel away” at 
completion of the project.  If funding cannot support concurrent construction, staggering the 
three contracts but keeping them intact is substantially more cost-effective when compared to 
breaking up the contracts.  Additionally, waiting to fund single contracts is significantly more 
economical than incrementally funding small projects.  The costs associated with contractor 
overheads, maintaining construction support facilities and permits as well as USACE labor for 
administering active contract are significantly higher than the costs associated with a project 
being in “standby” while waiting for funding. 
 
7.4 Risk Analysis Date, Tables and Graphs 
 
The following table and chart show the relationship of confidence level versus project cost.  
Table 2 highlights the percent confidence levels in increments of 10 which correlate to the 
contingency values provided.  The “Project Cost Contingency Analysis” graph shows how the 
project cost escalates with Confidence Level.  The 80% Confidence Level correlates to a Project 
Cost of $737 Million. 
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Table 5.  Project Contingencies (Base Cost Plus Cost and Schedule Contingencies) 
Confidence 

Level 
Project Cost  Contingency ($) Contingency (%) 

P0 0% $280,048,896 -$295,842,444 
P10 10% $467,907,838 -$107,983,502 
P20 20% $529,552,737 $(46,338,603) 
P30 30% $602,364,612 $26,473,272 
P40 40% $639,288,822 $63,397,482 
P50 50% $664,626,323 $88,734,983 
P60 60% $686,783,768 $110,892,428 
P70 70% $710,561,176 $134,669,836 
P80 80% $737,489,193 $161,597,853 
P90 90% $768,917,041 $193,025,701 
P100 100% $928,116,195 $352,224,855 

 
Figure 1. Sensitivity Chart (Cost) 

 
This figure represents the sensitivity of the Cost Contingency to the top risk items. 
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Figure 2. Sensitivity  (Pre-Construction Schedule) 

 
This figure represents the sensitivity of the Pre-Award Schedule Contingency to the top risk items. 
 
 

Figure 3. Sensitivity Chart (Construction Schedule) 

 
This figure represents the sensitivity of the Post-Award Schedule Contingency to the top risk items. 
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APPENDIX E-1 – COST AND SCHEDULE RISK REGISTER (Starts on next page)  

 



Overall Project Scope
Very Likely
Likely
Unlikely
Very Unlikely
Negligible
Marginal
Significant
Critical
Crisis Cost Impacts
Low
Moderate
High

Schedule Impacts

Last Updated: 26-Aug-14

Negligible: $0-$2.5 Million, Marginal: $2.5-$10 Million, Significant: $10-$20 Million, Critical: $20-$50 Million, Crisis: $50 Million and up.

Negligible: 0 to 6 Months, Marginal: 6 to 12 Months, Significant: 12 to 24 Months, Critical: 24 to 36 Months, Crisis: 36 Months and up.

The EDM Locks and Dams Project is a major component of the Upper Ohio River Program, located on the Upper Ohio River in the vicinity of Pittsburgh, 
Pennsylvania.  The project consists of replacing the primary and auxiliary locks at each of three component locks and dams - Emsworth, Dashields, and 
Montgomery Locks and Dams.  Each currently consists of primary lock chambers that are 110-feet wide by 600-feet long, and auxiliary chambers that are 
56-feet wide by 360-feet long.  This presents a significant challenge for navigation in the system, as these three projects have smaller chambers than any of 
the projects downstream on the Ohio River.  Furthermore, the aging nature of the lock chambers has been identified as a significant safety and operation 
concern, with models and analyses predicting failure in the near or even imminent term.  The scope includes new 110'x600' River Chambers at all three 
locations and and Fix As Fail for the Land Chambers.

Upper Ohio Navigation Study, Cost and Schedule Risk Analysis Risk Register

Very
Likely Low Moderate High High High

Likely Low Moderate High High High

Unlikely Low Low Moderate Moderate High

Very
Unlikely Low Low Low Low High

Negligible Marginal Significant Critical Crisis

Impact or Consequence of Occurrence

Li
ke

lih
oo

d 
of
 O

cc
ur
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Risk Level

PDT Discussions and Conclusions Likelihood* Impact* Risk Level*

Rough Order 
Impact Per 
Project ($) Likelihood* Impact* Risk Level*

Rough Order 
Impact Per 

Project (mo)
Correlation 
to Others

Contract Risks (Internal Risk Items are those that are generated, caused, or controlled within the PDT's sphere of influence.)

PROJECT & PROGRAM MGMT

PPM-1 Scope Changes Post-Auth Changes to project scope (within the authorized scope) could potentially 
impact cost and schedule.

The feasibility study reviews are being completed. Significant vertical coordination has mitigated 
any risk of changing the preferred plan.  Any change to the preferred plan (e.g. larger locks or 
new land chambers) could result in a substantial impact, but are considered to be outside of the 
scope of this CSRA since the TPCE presented is the estimate and contingency to accomplish 
the preferred plan.  Major changes to the scope prior to authorization would result in a 
reformulation which would require revisions to the total project cost estimate.  Major changes to 
the scope post-authorization would require a PACR in support of the decision to change scope.  
This risk therefore only considers scope changes within the authorized scope.  Risks associated 
with code changes, design regulation changes, environmental requirement changes, and 
changes to permit requirements, are considered elsewhere.

Unlikely Significant Moderate $10M-$20M Unlikely Significant Moderate 12-24mo Triangular PR-6 Project Manager Project Cost & 
Schedule Both

PPM-2 Adequate Staffing The District acknowledges that this will occur.  However, PDT feels confident 
that the impact would be mitigated through virtual and workload management.

Losing critical staff (retire, transfer, leaving, deployment, disaster duty, vacations etc), other 
priority projects pulling resources, concurrent design of all 3 locks, concurrent CM, etc.  Could 
impact cost and schedule Cost in terms of hiring AE's schedule in terms of major delay

Very Likely Negligible Low <$2.5M Very Likely Marginal Moderate 0.5-1yr Triangular PR-6 District 
Management Project Schedule Prior

Schedule Delay 
PRIOR to or 

DURING
Construction?

Affected 
Project 

Component
Responsible 

POCRisk/Opportunity Event
Variance 

DistributionConcerns

Project Cost Project Schedule

Risk No.

p g g g impact cost and schedule. Cost in terms of hiring AE's, schedule in terms of major delay. g

PPM-3 Internal Reg Changes
The changes regarding new reviews and approval processes, changing 

internal regulations, and additional project oversight and reporting 
requirements may impact the project.

We have already seen this on this and other projects.  Review and approval requirements are 
ever-evolving, including engineering reviews (ATR/BCOE), reviews from various existing and 
new centers, contracting/acquisition reviews, IEPR's, etc.  Additionally, new project oversight, 
approval thresholds and reporting requirements are arising for large (Mega) projects.  The 
concern is the additional costs for reviews, staffing, as well as delays associated with navigating 
through reviews and approvals.  Environmental regulation changes, design code/ER changes, 
and HTRW studies are considered elsewhere.

Likely Negligible Low <$2.5M Very Likely Marginal Moderate 0.5-1yr Triangular PR-6 District 
Management Project Schedule Prior

PPM-4 Accelerated PED Sched Experience with other projects indicates that there is some potential that the 
PDT would be asked to accelerate the delivery of the project.

Accelerated schedules have occurred on Lower Mon when funds could potentially be available 
for work.  The most significant concern would be missing a critical step due to accelerated 
activities.  Based on the status of the IWTF, as well as what is discussed in the 2010 IMTS 
Capital Business Model, funding is unlikely to be available soon, and accelerated PED is 
unlikely.  Another act similar to ARRA is possible, but unlikely.  Adequate Staffing risk is 
considered elsewhere.

Very Unlikely Significant Low <$2.5M Very Unlikely Marginal Low 0.5-1yr Triangular PR-6 District 
Management Project Schedule Prior

CONTRACT ACQUISITION RISKS

CA-1 Undefined Acq Plan The PDT has not finalized the acquisition plan.  Changing acquisition 
methods could be a risk or opportunity.

 Historically, the District has utilized firm-fixed-price contracts, usually as invitation for bids or 
occasionally Best Value-Tradeoff procurements.  Although the acquisition plan has not been 
defined, the estimate currently assumes one contract at each of the three locks using firm fixed 
price invitation for bid contract type and acquisition method.  It is possible that fixed-plus-
incentive, best value (LPTA or trade-off), early contractor involvement could be utilized.  There 
may be opportunities or additional costs associated with switching methods such reduction in

Very Likely Significant High $10M-$15M Very Likely Significant High 1-2yr Triangular
CA-2,CA-3,CA-
5,CON-1,CON-
3,CON-4,PR-9

Project Manager Contract Cost & 
Project Schedule Prior

may be opportunities or additional costs associated with switching methods, such reduction in
schedule, cost savings, cost increases associated with added "value", incentive costs, etc.  
Switching to design-build is considered elsewhere.

CA-2 Bid Comp & Contr/Constr 
Resource Availability

Bid competition can significantly impact cost and schedule.  Availability of 
contractors & construction resources may increase costs if contracts are 

constructed concurrently.

Uncaptured issues of availability of contractors and resources due to assumed building all three 
projects at once.  Market conditions in terms of contractors is programmatic, but the acquisition 
plan will have an effect on this.  Insufficient competition may lead to additional costs.  If 
insufficient competition leads to either no bids or no reasonable bids, resolicitation may be 
required.  Additionally, if award is made to an inexperienced contractor, there may be delays in 
completion of construction.  If adequate competition is not available to construct all three 
concurrently, contractors may elect to subcontract more work than what is assumed in the 
estimates, leading to additional costs from markups.  If construction equipment or resources are 
unavailable to support concurrent construction, there may be delays.

Very Likely Critical High $20M-$50M Unlikely Marginal Moderate 1-2yr Triangular CA-1,CA-3,CON-
3

District 
Management

Contract Cost & 
Project Schedule Prior

CA-3 Design Build Expedited PED due to unexpected funding or Lock Failure could lead to using 
design-build.

Design-build may be used If PED is accelerated and the District does not have the capability to 
support the schedule.  This could either happen due to unexpected funding or due to pre-
construction lock failure.

Unlikely Significant Moderate $10M-20M Unlikely Marginal Low -6mo Yes-No CA-1,CA-2 Project Manager Project Cost & 
Schedule Prior



CA-4 Sep Site Dev Contract Separating the site development work could potentially save time but 
increase costs associated with the site development work.

It is reasonable to expect that the District may elect to separate the site development work into a 
separate contract. This may increase the cost of this work, but could potentially be accomplished 
during the design phase for the lock, reducing the site development work from the critical path of 
the larger lock contract. This could potentially even be accomplished through a small business or 
IDIQ contract. Additional cost would be negligible.  It is even possible that there could be a 
savings to this work, based on the assumption that the larger contract would subcontract this 
work whereas a separate contract would be done by the prime (savings in markups).

Likely Negligible Low <$2.5M Likely Negligible Low -6mo Yes-No Project Manager Project Cost & 
Schedule During

CA-5 Bid Protest Bid protests could result in additional unforeseen costs and schedule delays.

The lock contracts will be high-profile contracts that large contractors will likely take interest in 
and potentially a large investment in preparation of a bid or proposal.  However unlikely, a bid 
protest could result in additional costs for resolution, and potentially the added costs associated 
with awarding to the next highest contractor.  Schedule risks includes the delay time with 
reaching a decision and potentially having to re-advertise.

Unlikely Significant Moderate $5M-$10M Unlikely Marginal Low 6-12mo Yes-No CA-1 Contracting Project Cost & 
Schedule Prior

TECHNICAL RISKS

TL-1 Gen Design Level
The project is currently in the feasibility study stage.  Therefore, the design 
details are at a preliminary level.  Costs may increase or decrease as costs 

are defined and as unforeseen changes occur.

The risk is that the preliminary nature of the designs and lack of details could open the potential 
for cost and schedule impacts. Planning, engineering and design costs and time are included the 
estimate and schedule, but there is a potential for design "creep" due to known and unknown 
potential changes as design details are pursued "down the rabbit holes". Foreseeable risks for 
design changes include the magnitude of geotechnical investigations, guard wall lengths, 
changes to the filling and emptying system (considered elsewhere), and design changes that 
result from the hydraulic/navigation modeling (considered elsewhere).  Geo Invest estimate 

Likely Critical High $10M-$20M Likely Significant High 1-2yr Triangular Project Manager Project Cost Both

includes 35-40 borings for each lock, which is based on a 1,200 FT chamber and is likely to 
reduce by approximately half (negligible savings). Major scope changes is considered 
elsewhere.  Design changes that are a result of code and regulation changes are considered 
elsewhere.

TL-2 F/E Sys & Culvert Designs Filling and emptying system is based on the designs for Charleroi, but could 
potentially be changed if it proves unsuccessful.

Hydraulic and navigation modeling has not been completed yet (modeling costs are included in 
the estimate), so designs are based on rule of thumb standards and Charleroi and were scaled 
down from the original 1200 foot chamber design.  One known factor is that the number of 
culverts in the filling/emptying (F/E) system is likely to be changed to 2 smaller culverts rather 
than 1 big one.  The estimate currently assumes enough excavation to include 2, but only 
assumes 1 will be installed.  Therefore, the risk estimate includes the difference in cost to install 
2 smaller, rather than 1 large culvert. As an opportunity, the design flow for the culverts is 
designed for 1200' chambers, but we are using 600', the  F/E system will be designed more 
efficiently later.  Risks assocaited with in-chamber excavation for the F/E system are considered 
elsewhere.

Likely Marginal Moderate $5M-$10M Likely Negligible Low <6mo Triangular
Technical 

Lead/Project 
Engineer

Project Cost & 
Schedule During

TL-3 Guard Wall Designs Guard wall lengths are based on rule of thumb standard and could potentially 
increase in length. 

The current design for the length of the guard walls is based on a rule of thumb for the length of 
the chamber.  Although unlikely, it is possible that the length of the guard walls (mostly the 
upper) could increase.

Unlikely Significant Moderate $3M-$10M Unlikely Negligible Low <6mo Triangular
Technical 

Lead/Project 
Engineer

Contract Cost & 
Project Schedule During

TL-4 Design Criteria Changes Changes to design codes, regulations, etc could cause impacts.
Updates and changes to design codes and regulations will likely increase costs over time.  Most 
likely a cost impact.  Impacts could be to PED and/or construction costs.  Schedule risk is 
dependent on the timing of the design criteria change. 

Very Likely Critical High $20M-$50M Very Likely Marginal Moderate 6-12mo Triangular
Technical 

Lead/Project 
Engineer

Project Cost Both

There is potential for fish passage components at each of the three sites.  There are only 
conceptual designs for the fish passage systems from a technical standpoint and estimate does 

t t f b t ti l t P t id h b t t iti t f t
TL-5 Fish Passg Mitigation 

Design
Fish passage requirements and designs are currently unknown.

not account for any substantial costs.  Present guidance has been to not mitigate for past
environmental impacts. Authorization will not allow additional costs associated with mitigation, so 
any mitigations will only be incorporated only if impacts are negligible. It is possible that this 
position could change, resulting in an estimated $10M total  increase (roughly $3.3M per proj) if 
mitigations are justified.

Unlikely Marginal Low $2.5M-$5M Likely Negligible Low <6mo Triangular Environmental 
Lead Contract Cost Prior

TL-6 Tech Lab Services There is potential that ERDC's services for mix designs (and similar services) 
could be terminated, forcing the PDT to use private for support.  

Major concern is coordination with ERDC on concrete mix design testing.  Long response times 
on concrete mixes could significantly impact the schedule.  The ERDC laboratory has lost the 
key personnel to evaluate the concrete materials, concrete mixture proportions and the final 
concrete mix to be produced by the onsite batch plant.  Currently the USACE guide 
specifications have materials to be sent to ERDC for testing but the backlog is high.  This ERDC 
service might not continue in the future and the PDT might need to obtain outside firms to 
perform this testing service which will result in higher cost and longer response times using 
private owned labs.  This is usually an iterative and interactive process not conducive to using 
contracts with private labs without change orders as conditions change.  Also it is unsure if one 
laboratory could do all of the required testing and evaluation process. In some cases, the mix 
design development, testing and approval process has been projected to take over a year. 

Very Unlikely Negligible Low <$2.5M Very Likely Significant High 1-2yr Triangular
Technical 

Lead/Project 
Engineer

Project Schedule During

TL-7 VE Study Savings Recommendations from VE Study have yet to be pursued and implemented.

The Value Engineering Study conducted in 2013 resulted in several recommendations that 
posed the potential for substantial savings.  While there were several cost avoidance 
opportunities that totaled up to $350M per project, the PDT and cost MCX did not want to be 
overly optimistic in savings assumptions..  It is very likely that the VE Study will result in a 
savings of at least several million dollars, but there is also always the possibility that no VE 
proposals will be adopted.  Therefore, the VE Study risk event in the model will have to be 
adjusted to discount the potential large savings discussed to ensure that the 80% confidence 

Likely Critical High ($10M-$50M) 
savings Likely Marginal Moderate (6-12mo) Triangular

Technical 
Lead/Project 

Engineer
Project Cost Both

level does not greatly reduce the contingency due to this event.  The team was comfortable with 
roughly $5M in savings at an 80% confidence, which corresponds to roughly $50M "high" in the 
model.

Emsworth L&D:  There is a known coal seam at the Emsworth sites within 5-
10' feet of the foundation elevation.

The PDT is aware of these conditions as a possibility, and has employed technology to bridge 
the foundations on other similar projects.  Depending on the actual conditions, this could either 
positively or negatively impacts costs.  Land wall will likely have this issue.  However, current 
recommended design does not include a land wall chamber.  There are some issues with the 
current recommended design, which assumes drilled shafts will be through seam, but could 

potentially become larger or deeper once more investigations are completed.  Issue only with 
shaft design.  Designs are conservative right now, but could potentially become more robust 

once Geotech investigations are complete.  Also has chance of being scaled down after invest.  
Closer impacts in terms of cost and schedule will be determined later. Larger diameter does not 

impact schedule much.

Likely Marginal Moderate $5M-$10M Unlikely Negligible Low <6mo

Dashields L&D: The risk of coal seams at Dashields does not exist. The risks assocaited with coal seams do not exist at Dashields.  This risk event is documentation 
that coal seams risk was discussed at Dashields. Very Unlikely Negligible Low <$2.5M Very Unlikely Negligible Low <6mo

TL-8 DuringTriangularCoal Seams Geotechnical/Civil 
Design Contract Cost



Montgomery L&D:  There are two known coal seams at the Montgomery sites 
within 5-10' feet of the foundation elevation.

The PDT is aware of these conditions as a possibility, and has employed technology to bridge 
the foundations on other similar projects.  Depending on the actual conditions, this could either 

positively or negatively impacts costs.  This is a similar risk as Emsworth but with a different 
impact and fix due to the level of rock.

Likely Marginal Moderate $5M-$10M Unlikely Negligible Low <6mo

Emsworth L&D:  There is some uncertainty regarding tying into the existing 
dam and gate structure and foundation at Emsworth.  This could require 

additional design and construction.

Current structure is on a piling system, and not secured onto rock.  Therefore, concern in 
removal of support earth material during construction.  Jet grouting may be needed to reinforce.  
Cost and schedule will be for inclusion of jet grouting before excavation.  Some jet grouting is 

included in estimate, however more may be required later.  Current estimate is based on 
quantities which are realistic, but not confident due to Geotech knowledge.  After investigations, 
this will be better known. Doubling current jet grouting design would add less than $1M to the

Very Likely Negligible Low <$2.5M Likely Negligible Low <6mo

this will be better known. Doubling current jet grouting design would add less than $1M to the
cost.

Dashields L&D: There is some uncertainty regarding tying into the existing 
dam and gate structure and foundation at Dashields.  This could require 

additional design and construction.

Dashields is sitting on rock, but concern is with contact between concrete and rock, as well as 
seepage through rock.  Grouting may be needed, but very unlikely and at little cost, including 

delays.  Doubling current jet grouting design would add less than $1M to the cost.
Very Unlikely Negligible Low <$2.5M Unlikely Negligible Low <6mo

Montgomery L&D:  There is some uncertainty regarding tying into the existing 
dam and gate structure and foundation at Montgomery.  This could require 

additional design and construction.

Estimate includes conservative demo & reconstruction of issue areas.  Foundation apron is on 
piles, but these will be removed and replaced, which is included in estimate.  During Feasibility 

study, our assumption for a fix has been better defined and is very conservative.  PDT feels that 
design is not likely to change in that it can't. Similar to EMS, whatever is decided on EMS (likely 

jet grouting) will be similar to Mont, but lower risk. Doubling current jet grouting design would add 
less than $1M to the cost.

Unlikely Negligible Low <$2.5M Unlikely Negligible Low <6mo

Emsworth L&D: There is an uncertainty regarding the quantity of material to 
be excavated during construction.

Feasibility estimate included review and QC of quantities, but the quantities were calculated 
using the same information available in January 2010.  Quantities are based on a single large 

culvert so they're likely deeper than they'll need to be if the designs swtich to two smaller
Likely Marginal Moderate ($2.5M-$5M) to 

$2.5-$5M Very Unlikely Negligible Low <6mo

Dashields L&D: There is an uncertainty regarding the quantity of material to 
be excavated during construction.

Feasibility estimate included review and QC of quantities, but the quantities were calculated 
using the same information available in January 2010.  Quantities are based on a single large 

culvert, so they're likely deeper than they'll need to be if the designs swtich to two smaller 
culverts.  Dashields has the highest risk of fluctuation

Likely Marginal Moderate ($2.5M-$5M) to 
$2.5-$5M Very Unlikely Negligible Low <6mo

Montgomery L&D: There is an uncertainty regarding the quantity of material 
to be excavated during construction.

Feasibility estimate included review and QC of quantities, but the quantities were calculated 
using the same information available in January 2010.  Quantities are based on a single large 

culvert, so they're likely deeper than they'll need to be if the designs swtich to two smaller 
culverts.  Similar to other locks, but less significant.  In terms of quantity, could go either way.

Likely Marginal Moderate ($2.5M-$5M) to 
$2.5-$5M Very Unlikely Negligible Low <6mo

TL-10 Underwater Exca Quants DuringContract CostGeotechnical/Civil 
DesignUniform

Project Cost DuringTL-9 Triangular Structural DesignTie-in to Gate Structures

E-TL-1 EMS LC F/E System
The Emsworth filling and emptying system (landward chamber) must be kept 

operational throughout the project.  PDT has a plan to maintain operation.  
However, this could impact the productivity and operation of the remainder of 

the sub features during the construction.

There are considerations for this in the study and for design.  However, this has not been done 
before.  Existing emptying system exits directly against the downstream middle wall.  Estimate 

assumes two systems are installed, buy hydraulic models have not been created.  Concerns are 
with reliability, and if one or both are not usable as a design, more unknown options will need to 
be designed.  If one or both fail, chamber may be shut down.  This is not only a concern during 
construction, but also for the "final product" because this is the planned finished system as well.  
Hydraulic modeling is needed (may be in other risk items, but is in estimate).  Cost and schedule 

impacts could be from design, construction and failure in operation issues.  There are also 
concerns with the design of the emptying basin, since there is a significant amount of 

overburdened that will likely increase foundation costs.

Very Likely Marginal Moderate $2.5M-$5M Very Likely Marginal Moderate 6-12mo Triangular
Technical 

Lead/Project 
Engineer

Project Cost & 
Schedule Both

E-TL-2 EMS Foundation
Geotechnical investigations indicate  a possibility that the rock conditions at 
Emsworth may be jointed enough to allow seepage into the lock chamber.  
Foundation grouting may be needed. This is not related to the jet grouting 

(non-rock) between concrete and foundation.

See Section 4.5 of Document ED-1 - "Emsworth Engineering AFB" for more information.  The 
variable nature of the foundation might lead to grouting to prevent seepage under the lock walls.  

Grouting would need to be done via floating plant.
Unlikely Marginal Low $2.5M-$5M Unlikely Marginal Low 6-12mo Triangular Geotechnical/Civil 

Design Contract Cost During

TL-11 VE Concrete Filled Cells Replacing lock walls will concrete filled cells could significantly cut costs.

While there were several cost avoidance opportunities that totaled up to $350M per project, the 
most valuable recommendation that would likely be pursued is using concrete filled cells for the 
lock walls, which was presented as a $159M savings at Emsworth alone (so likely $150M/proj).  
The PDT has concerns that the cell diameters used in the recommendation may be undersized, 

so the prosed design would likely be optimistic for this specific proposal.  However, the VE 
estimators made conservative  assumptions in their savings for this proposal to not overly inflate 

the savings.  Due to the magnitude of this opportunity, the PDT has decided to use a 25% 
confidence that this VE proposal would be ultimately used This therefore removes this risk from

Unlikely Critical Moderate ($150M) Unlikely Significant Moderate 12-24mo Yes-No Structural Design Contract Cost During

confidence that this VE proposal would be ultimately used. This therefore removes this risk from
the 80% confidence and therefore will not impact the contingency used in the TPCS.



LANDS AND DAMAGES RISKS

EMSWORTH L&D: Due to the length of the project, there is uncertainty as to 
the availability of land for the work areas in the next 20 years.

Costs included in estimate based on more acreage than needed, which presents some potential 
for savings.  Phase II Studies were completed in 2012.  Land changes would likely trigger other 

studies such as environmental studies (considered elsewhere).  If land is not available, this could 
mean significant costs in terms of shipping and the logistics of building large sections of the lock 

and dam and hauling to site.  However, the most likely scenario is delays associated with 
acquiring properties prior to solicitation.  Secondary Site (PLAN A) proposed for acquisition, but 
is currently being developed.  Primary Site: Due to access issues, the Emsworth Primary Site 

could not be investigated.  Secondary site is assumed to be adequate for use at this point, and 
primary will not be needed.  Secondary Site: Current study suggests that there is enough usable 

property available to use this area for laydown/staging & batch plant.  Part of this property is 
being used for temporary storage from the neighboring expanding tank farm to the west.  It is 

likely that part of the useful area will be consumed by the expansion of this tank farm in the next 
5 years, and therefore may not be available to use by USACE.

Very Likely Negligible Low <($2.5M) Likely Critical High 30mo

Costs included in estimate based on more acreage than needed, which presents some potential 
for savings.  Phase II Studies were completed in 2012.  Land changes would likely trigger other 

studies such as environmental studies (considered elsewhere).  If land is not available, this could 
mean significant costs in terms of shipping and the logistics of building large sections of the lock 

and dam and hauling to site.  However, the most likely scenario is delays associated with 
i i ti i t li it ti P i E t Sit (Pl A) d f i iti F

LD-1 Availability of Land PriorProject Cost & 
ScheduleReal EstateRE-4,EST-2Triangular

Dashields L&D: Due to the length of the project, there is uncertainty as to the 
availability of land for the work areas in the next 20 years.

acquiring properties prior to solicitation. Primary East Site (Plan A) proposed for acquisition. For 
Everything, LOW RISK.  Can "Fall Back" on West and possibly Secondary.  Primary West: 
Current study suggests that there is enough usable property available to use this area for 

laydown, batch plant & river access. Primary East: Current study suggests that there is enough 
usable property available to use this area for laydown, batch plant & river access. Secondary: 

Due to access issues, the Dashields Secondary Site could not be investigated.  USACE is 
currently working on getting the access road repaired, and concurrently working with CSX to 

obtain alternate access.

Unlikely Negligible Low <($2.5M) Unlikely Significant Moderate 12mo

Montgomery L&D: Due to the length of the project, there is uncertainty as to 
the availability of land for the work areas in the next 20 years.

Costs included in estimate based on exact amount of acreage needed, so there is no opportunity 
for reductions.  Phase II Studies were completed in 2012.  Land changes would likely trigger 

other studies such as environmental studies (considered elsewhere).  If land is not available, this 
could mean significant costs in terms of shipping and the logistics of building large sections of 
the lock and dam and hauling to site.  However, the most likely scenario is delays associated 
with acquiring properties prior to solicitation.  Primary Site (Plan A) proposed for acquisition. 

Primary: Current study suggests that there is enough usable property available to use this area 
for laydown & batch plant. Secondary: Current study suggests that there is enough usable 

property available to use this area for laydown & river access. Slough: Acquisition no longer 
necessary.

Unlikely Negligible Low <($2.5M) Unlikely Significant Moderate 12mo

REGULATORY AND ENVIRONMENTAL RISKS

RE-1 Historic Lock & Dams They have been determined to be historically significant and require 
consultation with SHPO regarding impacts.

The feasibility will cover the consultation with SHPO.  This is a known issue, is being tracked, 
and will have negligible impacts. Facilities will be documented. Unlikely Negligible Low <<<$2.5M Unlikely Negligible Low <6mo Triangular Environmental 

Lead
Project Cost & 

Schedule Prior

Schedule

RE-2
Clean Water Act (404) 
Compliance for Project 
Design Changes

If a design change altered rock placement, rip-rap, and/or approaches, it may 
require a Water Quality Certification.  This is specific to fill in the river.

Seen these issues with Lower Mon, but is low impact and on the radar and will be tracked 
through PED.  This could impact the schedule. Likely Negligible Low <<<$2.5M Unlikely Marginal Low <6mo Triangular Environmental 

Lead
Project Cost & 

Schedule Prior

RE-3 NPDES Permit for Batch 
Plants

There will be a requirement for NPDES and SWWWP permits.  The 
uncertainty is that State processing my lead to delays and additional costs.

This has been a "wildcard" in the past.  Could impact cost and schedule.  Costs could be 
associated with additional compliance requirements or additional unplanned permit updates due 
to project (funding) delays.  Schedule could be impacted due to delays with obtaining permit.  Not 
likely to impact construction schedule.  Includes stormwater prevention permit.  Currently, we 
have to review and update the NPDES permits every 5 years.  Ife we develop disposal sites, 
even more issues will likely arise.  Costs for updates at each site are included in the estimate, 
but if project is delayed for several decades like Lower Mon, the cost of multiple updates is not 
included.  Cost impacts for additional compliance requirements and permit updates not likely to 
exceed $2M.

Likely Negligible Low <$2.5M Likely Marginal Moderate 6-12mo Triangular
Technical 

Lead/Project 
Engineer

Project Cost & 
Schedule Prior

RE-4 HTRW Phase II Studies
Phase II investigations are in the estimate and schedule, but there is a 

chance that if something that hasn't been identified in Phase I studies could 
impact costs and schedules.

Phase II studies were completed under Feasibility Study and incorporated into the 
designs/project.  However, since Phase II's have an expiration, new Phase II studies will have to 
be completed prior to acquisition of any properties.  The cost of these studies are included in the 
estimate, but if more Phase II studies have to be conducted beyond this the estimate and 
schedule does not adequately cover the impact.  This risk covers the costs/impacts of having to 
do any additional Phase II investigations BEYOND the those covered in the estimate.  This could 
be the result of incremental funding or any start-stop scenario where studies are completed but 
acquisition of properties is stopped or delayed or if the results of the studies finding that the 
properties are "risky" and other properties are pursued elsewhere, requiring additional studies. 
Based on the studies done in 2012, re-doing the studies would cost approximately $1M-$2M, 
and 18 months, but would be done prior to advertisement so unlikely to cause schedule delays.  
LRP i tl l ki i t i i th l d l t l d i d

Unlikely Negligible Low <$2.5M Unlikely Significant Moderate 18 mo Triangular  LD-1 Environmental 
Lead

Project Cost & 
Schedule Prior

LRP is currently looking into acquiring the lands early to assure lands remain open and
uncontaminated.

RE-5 HTRW Alters Site Designs Concerns with disturbing existing HTRW may alter the laydown and support 
area designs.

Based on the ATR of the first Phase II HTRW investigations, designs of the laydown and support 
areas may have to be changed to avoid existing HTRW.  This could include bringing in a few feet 
of fill for the entire site, building up the foundations for support structures and batch plant, and 
building any sedimentation ponds above ground.  Based on the size of the available properties, it 
is likely that HTRW can be avoided.  However, if needed, any avoidance costs would be 
negligible (less than $1M).

Unlikely Negligible Low <$2.5M Likely Negligible Low <6mo Triangular Environmental 
Lead

Project Cost & 
Schedule Prior

RE-6 Unforeseen Agency Reg 
Issues

Unforeseen issues or new requirements associated with environmental 
regulations could arise, causing delays, additional PED costs, and potentially 

additional costs for complying with requirements.

This is a risk that has occurred on other similar projects.  Includes requirements from an 
environmental standpoint, as well as permit approvals.  Obtaining permits is in the estimates, but 
unforeseen or unknown issues may arise and regulations will likely change and impact the cost 
and schedule. Specifically E&S permits from the counties and various permits through the state.  
New endangered species or mitigation requirements could arise.  Concern is both in the time and 
effort needed to obtain permits, and additional costs of complying with the permits (sampling & 
mitigation).

Very Likely Marginal Moderate $2.5M-$5M Very Likely Significant High 12-24 mo Uniform Project Manager Project Cost & 
Schedule Prior



RE-7 Future Native Mussel 
Surveys

There may be additional costs if mussel survey finds relocation is required.
PDT acknowledges that freshwater mussel surveys must be completed.  This could impact cost. 
If conditions are discovered, there may be a relocation issue.  Research will be done in advance 
to construction to not impact schedule.  Any cost impacts will be negligible.

Unlikely Negligible Low <<<$2.5M Very Unlikely Negligible Low <6mo Triangular Environmental 
Lead Project Schedule Prior

M-RE-1 Cultural Resource Issues at 
Montgomery Work Area

There is a historic archaeological site which needs further study to determine 
significance.  There is a potential historic homestead.  There are some 

proximate native American artifacts that will be avoided.

There will be a Phase II Cultural study required to determine significance and potential mitigation 
requirements. Likely Negligible Low <$2.5M Unlikely Marginal Low <6mo Yes-No Environmental 

Lead Project Cost Prior

CONSTRUCTION RISKS

CON-1 Mods & Claims Risk due to Modifications During Construction In general, MODs represent an approximate 5%-7% increase to the construction cost. Likely Significant High $10M-$20M Likely Marginal Moderate 6-12mo Uniform Construction Contract Cost & 
Project Schedule During

CON 2 Lock Failure During If a failure in one of the chambers occurs during construction of the 
th i d j t it ld h i t th th d l f th lti t

Failure of lock is evaluated in two ways, not easily defined.  Failure BEFORE construction starts 
would be outside the scope of this project, but the impacts associated with an accelerated 
acquisition method (e.g. design-build) are included elsewhere.  Failure during construction 
depends on the failure and the contract, and would either be a modification, etc, or create a new 
project outside of this ones scope.  This risk event is only looking at the scenario where the 
event happens during construction and is within the scope of the contract to fix.  Likely on the 
ROM of $5-$20M. The longer the locks go without rehab, the higher this risk gets.  Economic Lik l M i l M d t $5M $10M Lik l Si ifi t Hi h 1 2 T i l

Technical 
L d/P j t Contract Cost & D iCON-2 g

Construction
authorized project, it could have impacts on the methodology of the ultimate

contractor.

g g , g g
Analysis suggest failures in the next few years. Depending on when or where this happens, it 
could have impacts on both cost and schedule.  Concern is also with losing operation of the 
functioning lock (land) that prevents the contractor from moving between pools.  This would likely 
lead to having to standby contractor while functioning chamber is repaired.  Estimate assumes 
contractor will have needed equipment in both pools, and traffic has right-of-way over 
construction.  If contractor does not have equipment in both pools, delays could be seen due to 
lockages.  

Likely Marginal Moderate $5M-$10M Likely Significant High 1-2yr Triangular Lead/Project
Engineer Project Schedule During

CON-3 Contractor Efficiency The contractor may be either more or less efficient that the government 
estimate.

Estimate assumes average.  Contractors may perform better or worse than what is assumed in 
the Government estimate.  Liquidated damages will help mitigate poor performing Contractors, 
but LD's do not cover all impacts of poor performance.

Likely Marginal Moderate ($5M-$10M) to 
$5M-$10M Likely Significant High (6mo) to 6mo Uniform CA-2 Project Manager Contract Cost & 

Project Schedule During

CON-4 Innovative Contractor / VE 
Change Proposal

The contractor may propose alternate construction methods, sequencing or 
other VE change proposals. 

The PDT has planned a layout that is on the conservative side.  There is opportunity that the 
eventual contractor could improve methods and efficiency. Current methodology will be using a 
coffer box rather than a cofferdam, but Contractors may propose to do work in the dry.  
Additionally, current sequencing of walls and monoliths may be improved if middle wall is 
constructed first and used as part of the cofferdam for construction of the river wall.  
Opportunities for improvement are significantly diminished if contracts are broken up.  USACE 
design optimizations and VE recommendations is handled elsewhere.

Likely Significant Moderate ($10M-$20M) Likely Significant High (6-12mo) Triangular CA-1,PR-9 Construction Contract Cost & 
Project Schedule During

CON-5 Weather Issues, High 
Water

High water/flow may cause delays or damage during construction

This is something we've seen on several projects.  Estimate and schedule include standard 
severe weather days. This risk is to capture abnormal weather beyond what is normally included 
as severe weather days and also impacts associated with flooding, such as demobilizations or 
cleanups due to flood outs.

Likely Marginal Moderate $2.5M-$5M Likely Marginal Moderate 6-12mo Triangular Construction Contract Cost & 
Project Schedule During

M-CON-1 Conflicts with Other Conflicts with dam (gate) rehab projects may cause issues during There is a chance that there will be conflict with existing gate rehab projects.  This is not likely, 
as there is a current plan to rehab gates every two years and this will likely be complete by the Very Unlikely Negligible Low <$2 5M Very Unlikely Marginal Low <6mo Triangular CA-1 Construction Contract Cost & DuringM-CON-1 Contracts construction. as there is a current plan to rehab gates every two years, and this will likely be complete by the

beginning of the L&D replacement work.
Very Unlikely Negligible Low <$2.5M Very Unlikely Marginal Low <6mo Triangular CA-1 Construction Project Schedule During

ESTIMATE AND SCHEDULE RISKS

EST-1 Linear Construction 
Sequence

This type of construction requires very linear sequencing of work activities.  
This opens the possibility and potential for delays or slippages.

Due to linear nature of work, if 1 step is not completed, the next cannot start.  Some risk is on 
contractor to estimate some delays, but this needs to be captured in the estimate and schedule 
contingency. Opportunities associated with improved approaches are considered elsewhere.

Unlikely Marginal Low <<$2.5M Unlikely Significant Moderate (1yr) to 2yr Triangular Cost Engineering Project Schedule During

EST-2 Alternative Disposal
Currently, the estimate reflects disposal of material at a licensed landfill.  

There is opportunity for reducing the disposal unit costs if alternative disposal 
sites are identified.

PDT is presently considering beneficial use for disposal of construction demo materials 
(generally associated with lowering costs).  PDT may identify a government furnished site to 
reduce costs.  Currently, estimate assumes landfill is used for all disposal.  Potential is to reduce 
cost.  Disposal site would likely have cost savings in terms of construction, but there is impacts 
based on environmental compliance needs.  Estimate assumes landfill, but it is likely we will 
develop a government site.  Currently, the estimate reflects disposal of material at a licensed 
landfill.  There is opportunity for reducing the disposal unit costs if alternative disposal sites are 
identified. Possibility of beneficial reuse of some or all of the material.  Could only reduce costs, 
but would increase construction schedule if site has to be developed prior to starting disposal 
and then cleaned up at the end of the project.

Very Likely Critical High ($20M-$30M) Very Likely Marginal Moderate 6-12mo Uniform  LD-1
Technical 

Lead/Project 
Engineer

Project Cost & 
Schedule During

EST-3 Est/Sched Level of Detail Assumptions in the construction estimates and schedule could be 
conservative or optimistic.

This estimate has comparably better detail than other projects at a similar phase of development. 
Due to recent historical data, the estimate tends to err on the conservative side.   Certain 

uncertainties in assumptions with quantities of excavation, productions of piles, etc.  Estimate 
tends to be conservative, but production rates could go either way. Small errors in the estimate 
can also cause large swings in the estimate. For instance, changing the cure times between lifts

Likely Significant Moderate (>$20M) to 
>$20M Likely Significant High (1yr) to 2yr Triangular Cost Engineering Project Cost During

can also cause large swings in the estimate. For instance, changing the cure times between lifts
for the Char RC M22-M27 contract from 10 days to 5 days reduced the schedule by almost 4 

months.

EST-4 Shift Assumptions Shift and overtime assumptions can impact the contract cost and schedule.

The amount of shifts, work days per week, hours worked per shift is still up in the air.  Current 
estimate assumes 5-10's with two shifts for drilled shafts and in-chamber work, and 4-10's with 
one shift for all other work.  However, schedule suggests that 5-10's, 2 shifts per day may be 

needed for everything to finish in 6 years.

Likely Marginal Moderate $5M-$10M Likely Significant High (1yr) to 2yr Triangular Cost Engineering Project Cost During

EST-5 Productivity Assumptions Productivity assumptions in Estimate & Schedule may have significant 
impacts when compared to what Contractors will assume.

Due to high amount of piles and cofferdam work, over and underestimates in production can 
have a large schedule impact.  Estimate is likely to be conservative, but could be 

underestimated. 
Likely Marginal Moderate ($2.5M-$5M) to 

$2.5-$5M Likely Significant High (1yr) to 2yr Triangular Cost Engineering Project Cost During

EST-6 Contractor Markups & 
Assignments

Estimate assumptions in regards to contractor assignments, markups and 
profit can significantly impact the estimate.

Contractor assignments can cause cost swings of ovre 25% to specific items.  Assumptions in 
regards to profits, overheads  can  have impacts on the estimate. Likely Marginal Moderate $5M-$10M Very Unlikely Negligible Low <<6mo Triangular Cost Engineering Project Cost During



EST-7 PED & CM Est/Sched 
Assumptions

PED and Construction Management Costs are calculated as a percentage of 
construction costs based on similar recent projects.  There may be an 

opportunity to reduce costs.  Conversely, the two year PED schedule is 
aggressive.

From a cost perspective, PED & CM costs are calculated as percentages, but based on 
historical rates for similar projects.  There may be an opportunity in PED costs if designs are 

done concurrently or within a few years of each other, since designs can be transferred between 
the projects. Additionally, if contracts are constructed concurrently, there may be some savings 

from sharing CM staffing.  As far as schedule, the current plan is to complete the PED in two 
year following receipt of funds.  The PDT feels that this is aggressive for completion of the 

investigations, studies, design, plans and specs, and pre-award/award activities. Main concern is 
doing all the designs all at once, and if schedule is delayed, having to update P&S, contract, 
estimate, etc.    Increases to PED cost associated with waiting for funding or other pre-award 

delays is considered elsewhere.

Likely Significant Moderate ($10M-$20M) 
savings Likely Critical High 2-3yr Triangular Cost Engineering Project Cost Prior

Programmatic Risks (External Risk Items are those that are generated, caused, or controlled exclusively outside the PDT's sphere of influence.)

PR-1 Unexpected Esc on Key 
Materials

Escalation on key materials above what is covered in the OMB adjustment.

Given the length of the project, there is potential that commodities such as concrete and steel 
could increase above what is considered in the OMB adjustments.  Additionally, there is a 
chance that local prices could spike post-appropriation. This risk primarily captures high inflation 
rates immediately prior to or during construction.  A year or two of high inflation flux several 
years before the project would not effect the cost, assuming the inflation stabilized over time.

Unlikely Significant Moderate $2.5M-$5M Very Unlikely Negligible Low <6mo Triangular PR-6 Cost Engineering Contract Cost Prior

PR-2 Unexpected Esc on Fuel Escalation on fuel above what is covered in the OMB adjustment.

Fuel prices have been steady in the recent years, but given the length of the project, there is 
potential that fuel prices could increase higher than what is considered in the OMB adjustments 
or even spike post-appropriation. This risk primarily captures high inflation rates immediately 
prior to or during construction.  A year or two of high inflation flux several years before the 
project would not effect the cost, assuming the inflation stabilized over time.

Unlikely Significant Moderate $2.5M-$5M Very Unlikely Negligible Low <6mo Triangular PR-6 Cost Engineering Contract Cost Prior

PR-3 Unexpected Esc on Labor Escalation on labor above what is covered in the OMB adjustment.

Given the length of the project, there is potential that labor costs could increase above what is 
considered in the OMB adjustment.  Extremes with region-specific union labor may not be 
completely accounted for in the OMB indices.  Additionally, drastic increases such as union 
agreements or political factors like wage acts (e.g. fair labor act) or insurance acts post-
appropriation would not be captured. This risk primarily captures high inflation rates immediately 
prior to or during construction.  A year or two of high inflation flux several years before the 
project would not effect the cost, assuming the inflation stabilized over time.

Unlikely Significant Moderate $2.5M-$5M Very Unlikely Negligible Low <6mo Triangular PR-6 Cost Engineering Contract Cost Prior

PR-4 Public Opposition The current feasibility plan includes assumptions for disposal that could 
change based on public sentiments/opposition or threat of lawsuits. Could impact cost and schedule. Very Unlikely Marginal Low <$2.5M Very Unlikely Marginal Low 6-12mo Yes-No Project Manager Project Cost & 

Schedule Prior

PR-5 Non-Federal Hydropower 
Development

There is non-federal interest in hydropower development at Montgomery and 
Emsworth.  This could present challenges in coordination of design and 

footprint.

Permits to have been submitted for all three projects for non-federal hydropower plants. Not 
likely that this would happen at the right time to benefit the project, and current proposed plans 
involve construction that would not involve the locks.

Unlikely Negligible Low <$2.5M Unlikely Negligible Low <6mo Yes-No Project Manager Project Cost & 
Schedule Prior

PDT has acknowledged great concern over when the actual PED and construction could start as 
scheduled based on funding issues. This could significantly impact schedule and indirectly 
i t t Th i littl h f t ti th b ti U Ohi i

PR-6 Funding Delays Contract 
Award

The actual start date is in question based on authorization and funding 
issues.  There are several other priority navigation projects competing for 

resources, priority, and funding.  Additionally, external factors can advance 
funding sooner or remove funding if it impacts prioritization.

impact costs. There is little chance of starting sooner than base assumption. Upper Ohio is may 
likely be prioritized immediately behind Lower Monongahela, but there are ongoing needs and 
requirements throughout the nation, and other priority projects may arise. The WRDA 902 
adjustment mitigates the cost “increase” due to inflation, so if the 3 contracts stay intact, moving 
their midpoint of construction (either due to delay of funding or staggering the projects) will be 
mitigated  due to the WRDA 902 adjustment. Since contingency is applied to the “Project First 
Cost”, which is at a constant dollar rate, adding in extra inflation would incorrectly escalate the 
project first cost. There are multiple causes, such as reprioritization of competing projects, lack 
of funding, political factors, etc. that all result in the same impact of delaying contract award.  
Inflation beyond what is accounted for in the WRDA 902 adjustment is considered in events PR-
1, PR-2 & PR-3.  The 2010 Inland Marine Transportation System Capital Projects Business 
Model recommended an emphasis on project completions rather than starts, and  recommended 
reinstating the use of the Continuing Contracts Clause or projects with multiple awardable 
options to allow for efficient completion, rather than current practices of incremental funding 
breaking up contracts.  This risk event is correlated to many other risks, since the longer the 
project waits for funding, the higher the probability of time-related risks have of occurring.  
Funding "caps" is considered elsewhere.

Likely Negligible Low
Impacts 

Considered 
Elsewhere

Very Likely Crisis High Could be as high 
as 20yr Uniform

PPM-1,PPM-
2,PPM-3,PPM-

4,PR-1,PR-2,PR-
3

Resource 
Providers Project Schedule Prior

PR 7 Funding "Caps" Constrain Limits on the amount of funding available per fiscal year may limit contractor 

The baseline estimate and schedule assumes funding is available to support efficient concurrent 
construction of all three projects.  Based on current funding conditions, it is likely that the project 

will be constrained based on the projected revenue of the IWTF, and that the construction 
contracts will have to be staggered.  The PDT has been advised that roughly $150M per year 

may be the limit for the entire project. A funding cap of $150M per FY for the entire project would 
likely drive construction of the contracts to be staggered and may also limit the contracts in the 

k d ti ( ld i t th t j t) F di fil f V Lik l Si ifi t Hi h $10M $20M V Lik l Si ifi t Hi h 1 2 U if Resource Project Cost & D iPR-7 g p
Contractor Productivity

g p y y
productivity or drive staggering of construction contracts. peak production years (would impact no more than two years per project). Funding profile of

baseline estimates plus 18-12% contingency indicates that each project would not individually 
exceed $150M in any year (including USACE labor), and only two years would be roughly $140M 

to $150M.  Therefore, funding caps on construction of each project individually would have 
minimal impacts. Additionally, staggering the projects has little impact on the project first cost 

(just move the midpoint of construction) and the impacts associated with later construction start 
(inflation, reg changes, etc) are considered in other risk events.

Very Likely Significant High $10M-$20M Very Likely Significant High 1-2yr Uniform Providers
j

Schedule During

PR-8 Funding Stream Falters or 
Ends During Construction

The funding stream falters or ends during construction, causing delays, 
claims and potentially contract termination.

Based on the likelihood of not being able to fully fund the contract, awardable options or 
continuing contract clause will likely be required.  There are potential cost impacts due to this risk 

that include:  Termination for convenience, demobilization and remobilization, claims, 
inefficiencies, lost bonding capacity to bid other jobs, loss of skilled labor, loss of learning curve. 

Unlikely Crisis High >$50M Very Likely Crisis High >3yr Triangular Resource 
Providers

Project Cost & 
Schedule During



PR-9 Funding Breaking Up 
Contracts

Incremental funding or the inability to use the Continuing Contracts Clause 
may result in having to break up the projects into multiple contracts.

The base assumption is that each of the three lock projects will be completed under a single 
contract and efficiently funded once started.  This would require either fully funding the contracts, 
approving the use of the Continuing Contract Clause or using awardable options. If funding 
comes incrementally, or if the use of the CC clause or awardable options is not allowed, each of 
the three lock contracts may need to be broken into multiple contracts.  Breaking up contracts 
causes significant cost and schedule impacts due to the added costs of contractor overheads 
and construction management due to the extension of the in-construction duration.  However, 
due to the uncertainty and potential magnitude of this risk, and based on guidance provided 
through the IMTS Capital Projects Business Model, breaking up contracts is EXCLUDED from 
the contingency.  The IMTS CPBM states,  "The Corps seeks to start new construction only 
when it is reasonably sure that funding can be provided to enable efficient construction and 
completion. The Corps and the Board, through the new IMTS capital projects business model, 
will recommend new construction starts only when the program can afford to effectively and 
efficiently fund the project."

N/A N/A N/A
Excluded from 
Analysis.  See 
Discussions.

N/A N/A N/A
Excluded from 
Analysis.  See 
Discussions.

N/A CA-1 Resource 
Providers

Project Cost & 
Schedule During

PR-10 Residual Risks Unforeseen risks or a combination of low risk events occuring can result in 
cost an schedule impacts.

All currently known risks are addressed.  However, if a number of the "LOW" risks occur cost 
and schedule impacts could arise.  Furthermore, unforeseen risks not addressed in this model 
will likely come up.

Likely Significant High $10M-$20M Likely Marginal Moderate 6-12mo Uniform N/A Project Cost & 
Schedule Both

*Likelihood, Impact, and Risk Level to be verified through market research and analysis (conducted by cost engineer).

10.  Project Implications identifies whether or not the risk item affects project cost, project schedule, or both.  The PDT is responsible for conducting studies for both Project Cost and for Project Schedule.

4.  Impact is a measure of the event's effect on project objectives with relation to scope, cost, and/or schedule -- Negligible, Marginal, Significant, Critical, or Crisis.  Impacts on Project Cost may vary in severity from impacts on Project Schedule.
5.  Risk Level is the resultant of Likelihood and Impact Low, Moderate, or High. Refer to the matrix located at top of page.

7.  The responsibility or POC is the entity responsible as the Subject Matter Expert (SME) for action, monitoring, or information on the PDT for the identified risk or opportunity.

9.  Affected Project Component identifies the specific item of the project to which the risk directly or strongly correlates.
8.  Correlation recognizes those risk events that may be related to one another.  Care should be given to ensure the risks are handled correctly without a "double counting."

e ood, pact, a d s e e to be e ed t oug a et esea c a d a a ys s (co ducted by cost e g ee )
1.  Risk/Opportunity identified with reference to the Risk Identification Checklist and through deliberation and study of the PDT.
2.  Discussions and Concerns elaborates on Risk/Opportunity Events and includes any assumptions or findings (should contain information pertinent to eventual study and analysis of event's impact to project).

j y y y g y g ( y g )
probably follow a uniform or discrete uniform distribution.

11.  Results of the risk identification process are studied and further developed by the Cost Engineer, then analyzed through the Monte Carlo Analysis Method for Cost (Contingency) and Schedule (Escalation) Growth.

3.  Likelihood is a measure of the probability of the event occurring -- Very Unlikely, Unlikely, Moderately Likely, Likely, Very Likely.  The likelihood of the event will be the same for both Cost and Schedule, regardless of impact.
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**** TOTAL PROJECT COST SUMMARY **** Printed:8/26/2014 
Page 1 of 4

PROJECT: DISTRICT: LRP Pittsburgh District PREPARED: 8/21/2014
PROJECT  NO: P2 113204 POC:   CHIEF, TECHNICAL DESIGN, John E. Nites, PE
LOCATION: Ohio River, Pennsylvania

This Estimate reflects the scope and schedule in report; Upper Ohio Navigation System, Feasibility Study
                      

Program Year (Budget EC): 2015
Effective Price Level Date: 1  OCT 14

 Spent Thru:
WBS Civil Works COST CNTG CNTG TOTAL ESC COST CNTG TOTAL 10/1/2014 ESC COST CNTG FULL

NUMBER Feature & Sub-Feature Description   ($K)    ($K)    (%)    ($K)    (%)    ($K)    ($K)    ($K)    ($K)    ($K)    (%)    ($K)    ($K)    ($K)  
A B C D E F G H I J M N O

04 DAMS $42,414 $11,853 28% $54,267 0.0% $42,414 $11,853 $54,267 $0 $54,267 17.2% $49,723 $13,891 $63,615
05 LOCKS $1,401,710 $392,379 28% $1,794,089 0.0% $1,401,710 $392,379 $1,794,089 $0 $1,794,089 17.6% $1,647,912 $461,297 $2,109,209
06 FISH & WILDLIFE FACILITIES $1,003 $284 28% $1,287 0.0% $1,003 $284 $1,287 $0 $1,287 11.8% $1,123 $317 $1,440
18 CULTURAL RESOURCE PRESERVATION $527 $147 28% $674 0.0% $527 $147 $674 $0 $674 10.8% $584 $163 $747

__________ __________                  __________ _________ _________ __________ ____________  _________ _________ _____________
CONSTRUCTION ESTIMATE TOTALS: $1,445,654 $404,663 $1,850,317 0.0% $1,445,654 $404,663 $1,850,317 $0 $1,850,317 17.5% $1,699,341 $475,669 $2,175,011

01 LANDS AND DAMAGES $2,731 $760 28% $3,491 0.0% $2,731 $760 $3,491 $0 $3,491 8.6% $2,966 $826 $3,792

30 PLANNING, ENGINEERING & DESIGN $219,955 $61,484 28% $281,438 0.0% $219,955 $61,484 $281,438 $0 $281,438 24.7% $274,254 $76,662 $350,916
  

31 CONSTRUCTION MANAGEMENT $144,413 $40,423 28% $184,836 0.0% $144,413 $40,423 $184,836 $0 $184,836 37.0% $197,898 $55,394 $253,292

PROJECT COST TOTALS: $1,812,752 $507,330 28% $2,320,082  $1,812,752 $507,330 $2,320,082 $0 $2,320,082 20.0% $2,174,459 $608,552 $2,783,011

TOTAL PROJECT COST     
(FULLY FUNDED)

TOTAL 
FIRST COST

PROJECT FIRST COST       
(Constant Dollar Basis)

Upper Ohio Navigation System

Civil Works Work Breakdown Structure ESTIMATED COST

Mandatory by Regulation   CHIEF, TECHNICAL DESIGN, John E. Nites, PE
ESTIMATED FEDERAL COST: 50% $1,391,506

  PROJECT MANAGER, Stephen R. Fritz, PE PMP  ESTIMATED NON-FEDERAL COST: 50% $1,391,506
 

  CHIEF, REAL ESTATE, Michael Callahan  ESTIMATED TOTAL PROJECT COST: $2,783,011
 

  CHIEF, PLANNING, John Peukert

  CHIEF, ENGINEERING AND CONSTRUCTION, Mark C. Jones, PE

  CHIEF, OPERATIONS, Richard C. Lockwood, PE

  CHIEF, CONSTRUCTION, Mohammed F. Ibrahim, PE

  CHIEF, CONTRACTING,Cynthia J. Smith

  CHIEF,  PROGRAMS AND PROJECT MANAGEMENT, Jeanine  Hoey, PE

  DEPUTY FOR PROJECT MANAGEMENT, Lenna C. Hawkins, PE

Mandatory by Regulation

Mandatory by Regulation
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**** TOTAL PROJECT COST SUMMARY **** Printed:8/26/2014 
Page 2 of 4

**** CONTRACT COST SUMMARY ****

PROJECT: DISTRICT: LRP Pittsburgh District PREPARED: 8/21/2014
LOCATION: Ohio River, Pennsylvania POC:   CHIEF, TECHNICAL DESIGN, John E. Nites, PE
This Estimate reflects the scope and schedule in report; Upper Ohio Navigation System, Feasibility Study

10/1/2014 2015
 10/1/2014 1  OCT 14

RISK BASED 
WBS Civil Works COST CNTG CNTG TOTAL ESC COST CNTG TOTAL Mid-Point ESC COST CNTG FULL

NUMBER Feature & Sub-Feature Description   ($K)    ($K)    (%)    ($K)    (%)    ($K)    ($K)    ($K)  Date   (%)    ($K)    ($K)    ($K)  
A B C D E F G H I J P L M N O

EMSWORTH LOCK AND DAM
04 DAMS $5,461 $1,529 28% $6,990 0.0% $5,461 $1,529 $6,990 2025Q2 22.3% $6,680 $1,870 $8,550
05 LOCKS $451,537 $126,430 28% $577,968 0.0% $451,537 $126,430 $577,968 2023Q2 17.6% $530,847 $148,637 $679,484
06 FISH & WILDLIFE FACILITIES $63 $18 28% $80 0.0% $63 $18 $80 2022Q2 15.3% $72 $20 $92
18 CULTURAL RESOURCE PRESERVATION $175 $49 28% $224 0.0% $175 $49 $224 2022Q2 15.3% $202 $57 $259

 $0
__________ __________ _________ __________ _________ _________ __________ _________ _________ _____________

CONSTRUCTION ESTIMATE TOTALS: $457,236 $128,026 28% $585,263 $457,236 $128,026 $585,263 $537,801 $150,584 $688,385

01 LANDS AND DAMAGES $960 $269 28% $1,228 0.0% $960 $269 $1,228 2019Q2 8.6% $1,042 $292 $1,334

30 PLANNING, ENGINEERING & DESIGN
  General Planning, Engineering & Design $39,076 $10,941 28% $50,017 0.0% $39,076 $10,941 $50,017 2019Q2 17.1% $45,773 $12,817 $58,590

PROJECT FIRST COST
(Constant Dollar Basis)Civil Works Work Breakdown Structure

Estimate Prepared:
Effective Price Level:

Program Year (Budget EC):
Effective Price Level Date:

Upper Ohio Navigation System

TOTAL PROJECT COST (FULLY FUNDED)ESTIMATED COST

  Engineering Analysis/Report $1,954 $547 28% $2,501 0.0% $1,954 $547 $2,501 2019Q2 17.1% $2,289 $641 $2,930
  Socio/Economic Analysis/Report $191 $53 28% $244 0.0% $191 $53 $244 2019Q2 17.1% $224 $63 $286
  Environmental Studies Documents $3,238 $907 28% $4,144 0.0% $3,238 $907 $4,144 2019Q2 17.1% $3,793 $1,062 $4,855
  Cultural Resource Studies Documents $13 $4 28% $17 0.0% $13 $4 $17 2019Q2 17.1% $16 $4 $20
  Programs & Project Management Doc $3 $1 28% $4 0.0% $3 $1 $4 2019Q2 17.1% $4 $1 $5
  Cost, Schedule & Risk Engineering $100 $28 28% $128 0.0% $100 $28 $128 2019Q2 17.1% $117 $33 $150
  Engineering During Construction $27,420 $7,678 28% $35,098 0.0% $27,420 $7,678 $35,098 2023Q2 37.0% $37,575 $10,521 $48,097

31 CONSTRUCTION MANAGEMENT
    Construction Management $45,700 $12,796 28% $58,496 0.0% $45,700 $12,796 $58,496 2023Q2 37.0% $62,626 $17,535 $80,161

CONTRACT COST TOTALS: $575,891 $161,250 $737,141 $575,891 $161,250 $737,141 $691,259 $193,553 $884,812

Filename: Upper Ohio Navigation System (EDM) Non-CAP TPCS _2014-08-21.xlsx
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**** TOTAL PROJECT COST SUMMARY **** Printed:8/26/2014 
Page 3 of 4

**** CONTRACT COST SUMMARY ****

PROJECT: DISTRICT: LRP Pittsburgh District PREPARED: 8/21/2014
LOCATION: Ohio River, Pennsylvania POC:   CHIEF, TECHNICAL DESIGN, John E. Nites, PE
This Estimate reflects the scope and schedule in report; Upper Ohio Navigation System, Feasibility Study

10/1/2014 2015
 10/1/2014 1  OCT 14

WBS Civil Works COST CNTG CNTG TOTAL ESC COST CNTG TOTAL Mid-Point ESC COST CNTG FULL
NUMBER Feature & Sub-Feature Description   ($K)    ($K)    (%)    ($K)    (%)    ($K)    ($K)    ($K)  Date   (%)    ($K)    ($K)    ($K)  

A B C D E F G H I J P L M N O
DASHIELDS LOCK AND DAM

04 DAMS $19,634 $5,301 27% $24,935 0.0% $19,634 $5,301 $24,935 2023Q2 17.6% $23,082 $6,232 $29,315
05 LOCKS $480,102 $129,628 27% $609,729 0.0% $480,102 $129,628 $609,729 2023Q2 17.6% $564,429 $152,396 $716,824
06 FISH & WILDLIFE FACILITIES $320 $86 27% $406 0.0% $320 $86 $406 2023Q2 17.6% $376 $101 $477
18 CULTURAL RESOURCE PRESERVATION $176 $48 27% $224 0.0% $176 $48 $224 2019Q2 8.6% $191 $52 $243

 $0
__________ __________ _________ __________ _________ _________ __________ _________ _________ _____________

CONSTRUCTION ESTIMATE TOTALS: $500,232 $135,063 27% $635,294 $500,232 $135,063 $635,294 $588,078 $158,781 $746,859

01 LANDS AND DAMAGES $1,104 $298 27% $1,402 0.0% $1,104 $298 $1,402 2019Q2 8.6% $1,199 $324 $1,522

30 PLANNING, ENGINEERING & DESIGN
  General Planning, Engineering & Design $42,935 $11,592 27% $54,527 0.0% $42,935 $11,592 $54,527 2019Q2 17.1% $50,293 $13,579 $63,872

Engineering Analysis/Report $1 942 $524 27% $2 466 0 0% $1 942 $524 $2 466 2019Q2 17 1% $2 274 $614 $2 889

Civil Works Work Breakdown Structure

Estimate Prepared: Program Year (Budget EC):
Effective Price Level: Effective Price Level Date:

Upper Ohio Navigation System

ESTIMATED COST PROJECT FIRST COST
(Constant Dollar Basis) TOTAL PROJECT COST (FULLY FUNDED)

  Engineering Analysis/Report $1,942 $524 27% $2,466 0.0% $1,942 $524 $2,466 2019Q2 17.1% $2,274 $614 $2,889
  Socio/Economic Analysis/Report $293 $79 27% $372 0.0% $293 $79 $372 2019Q2 17.1% $343 $93 $436
  Environmental Studies Documents $3,886 $1,049 27% $4,935 0.0% $3,886 $1,049 $4,935 2019Q2 17.1% $4,552 $1,229 $5,781
  Cultural Resource Studies Documents $14 $4 27% $17 0.0% $14 $4 $17 2019Q2 17.1% $16 $4 $20
  Programs & Project Management Doc $3 $1 27% $4 0.0% $3 $1 $4 2019Q2 17.1% $4 $1 $5
  Cost, Schedule & Risk Engineering $100 $27 27% $127 0.0% $100 $27 $127 2019Q2 17.1% $117 $32 $149
  Engineering During Construction $29,984 $8,096 27% $38,080 0.0% $29,984 $8,096 $38,080 2023Q2 37.0% $41,089 $11,094 $52,183

31 CONSTRUCTION MANAGEMENT
    Construction Management $49,974 $13,493 27% $63,466 0.0% $49,974 $13,493 $63,466 2023Q2 37.0% $68,482 $18,490 $86,972

CONTRACT COST TOTALS: $630,465 $170,226 $800,691 $630,465 $170,226 $800,691 $756,448 $204,241 $960,689

Filename: Upper Ohio Navigation System (EDM) Non-CAP TPCS _2014-08-21.xlsx
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**** TOTAL PROJECT COST SUMMARY **** Printed:8/26/2014 
Page 4 of 4

**** CONTRACT COST SUMMARY ****

PROJECT: DISTRICT: LRP Pittsburgh District PREPARED: 8/21/2014
LOCATION: Ohio River, Pennsylvania POC:   CHIEF, TECHNICAL DESIGN, John E. Nites, PE
This Estimate reflects the scope and schedule in report; Upper Ohio Navigation System, Feasibility Study

10/1/2014 2015
 10/1/2014 1  OCT 14

WBS Civil Works COST CNTG CNTG TOTAL ESC COST CNTG TOTAL Mid-Point ESC COST CNTG FULL
NUMBER Feature & Sub-Feature Description   ($K)    ($K)    (%)    ($K)    (%)    ($K)    ($K)    ($K)  Date   (%)    ($K)    ($K)    ($K)  

A B C D E F G H I J P L M N O
MONTGOMERY LOCK AND DAM

04 DAMS $17,319 $5,022 29% $22,341 0.0% $17,319 $5,022 $22,341 2022Q2 15.3% $19,961 $5,789 $25,750
05 LOCKS $470,071 $136,321 29% $606,392 0.0% $470,071 $136,321 $606,392 2023Q2 17.6% $552,636 $160,264 $712,901
06 FISH & WILDLIFE FACILITIES $621 $180 29% $801 0.0% $621 $180 $801 2019Q2 8.6% $675 $196 $870
18 CULTURAL RESOURCE PRESERVATION $175 $51 29% $226 0.0% $175 $51 $226 2019Q2 8.6% $190 $55 $246

 $0
__________ __________ _________ __________ _________ _________ __________ _________ _________ _____________

CONSTRUCTION ESTIMATE TOTALS: $488,186 $141,574 29% $629,760 $488,186 $141,574 $629,760 $573,463 $166,304 $739,767

01 LANDS AND DAMAGES $667 $194 29% $861 0.0% $667 $194 $861 2019Q2 8.6% $725 $210 $935

30 PLANNING, ENGINEERING & DESIGN
  General Planning, Engineering & Design $37,119 $10,765 29% $47,884 0.0% $37,119 $10,765 $47,884 2019Q2 17.1% $43,481 $12,610 $56,091
  Engineering Analysis/Report $1,827 $530 29% $2,357 0.0% $1,827 $530 $2,357 2019Q2 17.1% $2,140 $621 $2,761

Estimate Prepared: Program Year (Budget EC):

Upper Ohio Navigation System

Civil Works Work Breakdown Structure

Effective Price Level: Effective Price Level Date:

ESTIMATED COST PROJECT FIRST COST
(Constant Dollar Basis) TOTAL PROJECT COST (FULLY FUNDED)

g g y p $ , $ $ , $ , $ $ , $ , $ $ ,
  Socio/Economic Analysis/Report $511 $148 29% $660 0.0% $511 $148 $660 2019Q2 17.1% $599 $174 $773
  Environmental Studies Documents $3,197 $927 29% $4,124 0.0% $3,197 $927 $4,124 2019Q2 17.1% $3,745 $1,086 $4,831
  Cultural Resource Studies Documents $14 $4 29% $18 0.0% $14 $4 $18 2019Q2 17.1% $16 $5 $21
  Programs & Project Management Doc $3 $1 29% $4 0.0% $3 $1 $4 2019Q2 17.1% $4 $1 $5
  Cost, Schedule & Risk Engineering $100 $29 29% $129 0.0% $100 $29 $129 2019Q2 17.1% $117 $34 $151
  Engineering During Construction $26,031 $7,549 29% $33,580 0.0% $26,031 $7,549 $33,580 2023Q2 37.0% $35,672 $10,345 $46,016

31 CONSTRUCTION MANAGEMENT
    Construction Management $48,739 $14,134 29% $62,873 0.0% $48,739 $14,134 $62,873 2023Q2 37.0% $66,790 $19,369 $86,159

CONTRACT COST TOTALS: $606,396 $175,855 $782,250 $606,396 $175,855 $782,250 $726,752 $210,758 $937,510

Filename: Upper Ohio Navigation System (EDM) Non-CAP TPCS _2014-08-21.xlsx
TPCS
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